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generator 

with high output 
100mA at 60kV 

50 mA at 125 kV 

low weight 

small dimensions 
light load on the mains 
achieved by full-wave 
rectification 
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SIEMENS NANOMOBIL 


Operates on the mains socket in the sick room thanks to the 
full-wave rectification - No high-tension cables, therefore 
easy setting with maximum reliability - Long tube-arm reach - 
Spring counterbalance - Rapid and exact setting of the 
radiographic field by means of the full-field visual localizer 
with low radiation exposure to the patient - Good radio- 
graphic results ensured by the high output and the rotating 
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* Single Direct-Reading MA Meter (patent pending) adds 
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accurate, 
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* Accurate fluorescopic MA calibrations facilitate precise 
low MA image intensifier work. 
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RADIATION THERAPY OF CANCER* 
CURRENT RESULTS WITH MEGAVOLTAGE AND ORTHOVOLTAGE 


By L. HENRY GARLAND, M.B., M.D. 


SAN FRANCISCO, CALIFORNIA 


ADIATION therapy, skilfully em- 

ployed, continues to be a prime weapon 
for the cure and palliation of certain types 
of cancer. For localized cancer of sites such 
as skin, lip, oral cavity, eyelid and larynx, 
it provides cure rates equal to or better 
than those obtainable by radical surgery, 
and wich superior functional results; for 
cancer of the cervix it provides in general 
better cure rates than does surgery, with lower 
morbid ty and mortality; for lympho- 
blastoma and caronic leukemia it provides 
somewhat safer treatment than chemo- 
therapy, with /ess morbidity.” For certain 
tumors no longer localized, such as semi- 
noma testis and medulloblastoma cerebelli, 
it provides a goodly percentage of five year 
arrests. For selected cases of breast and 
endometrial cancer, it also provides long 
term ccntrol. 

One of the questions facing the physician 
attendiaga patient with cancer (and certain 
other diseases suitable for radiation ther- 
apy) is: "Should I recommend supervolt- 


age—or telecobalt—therapy?” "That is, 
"Will megavoltage be better tor my pa- 
tient?" While this decision is normally best 
left to the treating radiologist, there are 
circumstances under which the patient ex- 
pects the attending or family doctor to 
speak out. The purpose of this paper is to 
set forth certain facts in order to help him 
answer the question. 


DEFINITIONS 


Supervoltage therapy devices include 
roentgen-ray units operating in che 800 kv. 
to 2,000 kv. range, and for al practical 
purposes radioactive cobalt and cesium 
teletherapy units. The former have been in 
use for some thirty-two years, and cobalt 60 
teletherapy units for about twelve years. 
Many radiologists use the term megavoltage 
for these devices, in order to avoid the 
tenuous connotation of the prefx “super.” 
The diologic (cancericidal) effect of super- 
voltage radiation as ordinarily measured, 
is actually “infra” or inferior to that ob- 


* From the Department of Radiology, San Francisco General Hospital, University of California Service (and formerly, the Stanford 


University Service), anc the author’s private practice. 


Presented in part at the Cancer Conference of the American Society of Oral Surgeons, Phoenix, October 10-12, 1960. 
+ Clinical Professor o^ Radiology, University of California Medical School, San Francisco, California. 
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tainable with rays in the 250 kv. range.!? 
The so-called effective voltage of many 
roentgen-ray beams is considerably lower 
than the peak voltage, and is a better clue 
to their relative penetrating: power. The 
latter is also recorded in terms of the 
thickness of a standard material, such as 
copper, which will reduce the transmitted 
radiation beam by a factor of one half (the 
HVL or half value layer equivalent factor). 
This may be recorded in other materials 
such as water, aluminum or lead, but for 
convenience of ready comparison the half 
value layer in copper of several different 
radiation beams is listed in Table 1. 

The term orthovoltage deep therapy is 
applied to 200-400 kvp. roentgen-ray 
beams, the equivalent effective voltage of 
which is from Loo] to 0,12 million electron 
volts or mev.* 

The term megavoltage deep therapy, or 
supervoltage, is applied to conventional 
roentgen-ray beams in the 1,000 kvp.— 


_ * The Joint Commission of the International Atomic Energy 
^ Agency and the World Health Organization meeting in Vienna, 
August, 1959 defined orthovoltage as being in the 200-400 kv. 
range. 
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15,000 kvp. range, that is, one to fifteen 
million volts; the real or effective voltages 
of these beams range from 0.5 to 5 mev. 
'The beams may be from linear accelerators 
and other sources. Iridium 192, cesium 137, 
cobalt 60 and radium teletherapy units yield 
hard roentgen rays or gamma rays in or 
close to this effective voltage range (see 
Table x). 

The term ultra-high voltage deep therapy 
is employed for betatrons (in the 10-so 
mvp. range), synchrotrons and similar high 
energy devices used to produce hard roent- 
gen rays as well as electron beams and so 
forth. Neutron, proton and certain other 
beams may be included in this category. 

The radiologist also has available low 
voltage roentgen-ray beams (50 kvp.—150 
kvp.), as well as beta and alpha “ray” 
beams derived from natural or artificial 
radioactive materials. 

There are many devices for applying, 
aiming or modifying external radiation 
beams, including equipment for: fixed 
beams; moving beams (rotation, arc, spiral, 
pendulum and traveling beams); and re- 


'TaBLE I 


SOME EXTERNAL RADIATION SOURCES 









































Term n NS l ipo d e t pots 
(usually peak voltage) Equivalent mms | Equivalent 
Orthovoltage 250 kv. roentgen ray I 1-3 I 
deep therapy 
L. 1,000 kv. roentgen ray 5 8 T 
| 1 
Cs?! teletherapy 6 i 8 _| 
Megavoltage Radium teletherapy 8 13 75~.85 
deep therapy 
Co® teletherapy 1.2 14 
“6 million" volt 
linear accelerator 1.6 15 
Ultra-high 23 mv. roentgen ray 8 | “30” | T 
voltage therapy | AUS renten day 23 33" 





* Copper is used in this table to permit ready comparisons; in ordinary practice lead is used above 1,000 kv. 
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stricted beams (grid-therapy and wedge 
filter therapy). 

With these devices radiations may be 
circumscribed, “pinpointed,” “aimed,” 
“localized” and otherwise applied with 
varying degrees of precision. Roentgen or 
gamma rays cannot, of course, be focused. 

Raciations may be applied internally via: 
intracavitary cones or cylinders; inter- 
stitial tubes, needles, seeds, threads, col- 
loidal suspensions and solutions; intra- 
vascular injections; and intracavitary in- 
stillatons. 

Basic principles of effective radiation 
therapy of caneer may be defined as follows: 

1. Determination of the Asto/egic type 
and estimation of the evatomic extent (or 
stage) of the tumor. 

2. Determination of the clinical status of 
the patient; some patients with cancer may 
be too ill from other disorders to warrant 
radical therapy of the neoplasm. 

5. Selection of the /reatment modality apt 
to result in the least physical and economic 
trauma; this modality may be orthovoltage, 
megavoltage, cobalt 60, radium or other 
means. 

a. Meticulous planning and application of 
irradiation, with deliverance of an optimum 
dose to the tissue of interest. 

g. Provision for necessary 
medical and surgical treatment. 

6. Conscientious after care and follow-up. 

Raciosensitivity constitutes responsive- 
ness to radiation in terms of tumor cell 
destruction, but with regeneration and re- 
cuperation of adjacent normal cells. It is à 
complex phenomenon, depending on many 
factors such as tumor cell type, tumor size, 
blood supply, infection, anatomic location 
and other factors. IZ cannot be predicted 
from the microscopic appearance and is not 
synonymous with radiocurability. Many 
localized squamous cell tumors are rela- 
tively insensitive (requiring large doses of 
radiation for cure), but are quite radiocur- 
able. Conversely, some lymphomatous 
tumors are very radiosensitive, but are sel- 
dom curable. Radiocurability depends on 
factors such as the tumor cell type, the size 





associated 
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of the tumor, its anatomic extent, the tol- 
erance of adjacent structures, the degree of 
natural drainage and so forth. A localized 
adenocarcinoma of the cervix uteri is us- 
ually radiocurable; a lymphosa-coma of the 
tonsil, with mediastinal lymph node spread 
usually is not. 

A curative dose for localized carcinoma 
is defined as that dose which is destructive 
of tumor cells without irreparable injury to 
adjacent normal cells. For mar v squamous 
cell tumors it ranges from 4,500-5,500 
orthovoltage rads, to limited areas (e.g., 
ss cm.), delivered in about four weeks 
time--or the equivalent in dove and time. 
Such cancericidal dose-time equivalents, 
when fairly even fractionation is used, in- 
clude: about 2,000 rads in one day; 4,000 
rads in eight days; and 6,000 reds in thirty- 
two treatment days. 

The main reason for fractionation and 
protraction of dose is to aid normal tissue 
recovery; this applies especialy to struc- 
tures such as bone and cartilage. 

Dosage alone is not the decisive factor 
in clinical cure of many localized cancers; 
histologic and biologic factors are more 
important. Glücksmann and Cherry" in a 
study of 615 cases of cervix cancer found 
the optimal range to be from 6,000-7,000 
combined orthovoltage and gamma r in the 
paracervical tissues at point A. For Stages 
t and u the greatest five year survival rate 
was found in the lowest dose range. 


INDICATIONS FOR DIFFERENT VOLTAGES 

The radiologist is concerned with the 
deliverance of an adequate dose of ionizing 
radiation to the tissue of interest, with 
maximum possible safety to adjacent nor- 
mal structures. The dose may be delivered 
by widely different beams and devices, de- 
pending on the equipment a: hand, the 
skill and experience of the therapist, the 
location of the tumor, the status of the 
overlying or adjacent tissues. and other 
matters. 

In general, most superficial esions (skin 
or lip) can be effectively treated with “low 
voltage" roentgen-ray units operating at 
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50-150 kvp. When such lesions infiltrate 
deeply (e.z, extensive skin carcinoma of 
the inner canthus region), thev are no 
longer superficial and more penetrating 
radiation will tend to result in more homo- 
geneous ionization of the tumor. Still 
deeper lesions can be effectively treated 
with "orthovoltage" units in most in- 
stances—combined with intracavitary or 
interstitial radium or radioactive cobalt in 
selected sites such as uterus, tongue and 
maxillary antrum. With these units one 
can readily deliver more radiation than the 
normal deep structures will tolerate. Simon 
and Silverstone? write: “The increase in 
depth dose with cobalt 60 teletherapy is too 
often considered to be the major advantage 
of this form of therapy, although there are 
no deep seated lesions which cannot re- 
ceive a cancericidal dose with 200 kv. 
radiation with multiple fields. . . . We are 
limited in dosage of deep seated lesions by 
the radiosensitivity of adjacent organs, not 
by the lack of penetrability of our rays." 

Then why megavoltage? Because in 
selected cases such as very thick or obese 
persons, or rare circumscribed tumors un- 
suited for radical surgery such as retino- 
blastoma in a remaining eve, the phvsical 
property of the harder beam may permit 
more effective irradiation. Also in persons 
with tumors situated beneath skin badly 
damaged by prior disease or injurv, the 
initial skin-sparing effect of megavoltage 
will usually permit more effective treat- 
ment. 

When delivered with megavoltage beams, 
a larger physical dose must be used for a 
given biologic effect. The factor varies and 
is indicated by approximate figures in Table 
1. In general, and with all other technical 
factors (such as distance, field size, frac- 
tionation and associated matters) remain- 
ing the same, one needs from 20 to 30 per 
cent more administered phvsical dose in 
megavoltage rads to equate a given biologic 
effect of orthovoltage rads. This fact, 
though known for several decades, is often 
not appreciated." When it is, increase in 
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radiation comfort with megavoltage often 
proves evanescent. 


ADVANTAGES OF MEGAVOLTAGE 


The relative advantages of megavoltage 
have been described under the following 
headings: 1. Increased depth dose. 2. Di- 
minished skin dose. 3. Decreased bone dose. 
4 Greater patient comfort. 5. Better re- 
sults. 

1. Increased Depth Dose. This is more 
correctly expressed as “increased physical 
depth dose." When allowance is made for 
the decreased biologic efficiency of mega- 
voltage beams, it is found that for many 
clinical situations the biologically effective 
depth base is little greater than with or- 
thovoltage. 

Opposing fixed beams provide the most 
accurate way of "cross firing" or dosing 
deep-seated tumors. When nonopposing or 
oblique fields are used, the tumor mav be 
incorrectly centered and therefore partlv 
underdosed. When rotation therapy is used, 
the volume usually requiring treatment 
tends to result in undesirable general reac- 
tions, except in selected cases of cancer of 
the esophagus—and even in this site, the 
clinical results of rotation therapy leave 
much to be desired. 

Opposing fields present a limitation for 
megavoltage beams because of the in- 
creased dose at the far side of the patient 
(the exit dose). This automatically limits 
the amount that can be given to each field 
with safety, and tends to otfset the advan- 
tage of increased penetration, The matter is 
illustrated by considering a small mid-pelvic 
tumor which is to be treated in conjunction 
with intracavitary radium (Fig. 1). Let us 
assume an average patient of 20 cm. thick- 
ness. Since megavoltage (in this case tele- 
cobalt) produces maximum ionization be- 
neath the skin, and orthovoltage does so in 
the skin itself, these two zones require sepa- 
rate consideration as far as tolerance is con- 
cerned. Let us assume conventional ortho- 
voltage factors of 200 kvp., HVL 1 mm. 
copper, target-skin distance of 80 cm., and 
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PELVIS 20 cm. THICK 









SKIN 
Q5 zm. DEPTH 


IO cm. DEPTH! —* 


20 cm. 


Vic. 1. Diagram ef cross section of pelvis, with dotted 
ouzÉne of theoretical tumor in mid-portion. 


field size 10X10 cm; the telecobalt factors 
incluce HVE. 14 mm. copper, source-skin 
distarce of so cm., and field size 10X10 
cm. The diagrams (Fig. 2 to 4) show that 
with -wo opposing beams one needs with 
megaveltage a smaller skin dose, but 4 
higher subcutaneous tissue dose to deliver 
biologi-ally equivalent doses of radiation to 
the mklpelvis. The 10X10 cm. field size 


200 Kv. P 
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is used so as to give the advantage to mega- 
voltage. The relative improvement in mid- 
plane depth dose with megavoltage 1s 
about 65 per cent with 10X 1c cm. beams, 
but only about 25 per cent with 20X20 cm. 
fields. The latter are often aecessary in 
clinical cancer treatment, and of course 
further decrease the comparative value of 
megavoltage. 

The diagrams show that a subcutaneous 
dose of 5,090 mv. rads is reached under the 
conditions described. This dose, delivered 
in 4 weeks, is apt to be follewed by /a/e 
fibrosis and other undesirabe reactions, 
which tend to offset the early gain of de- 
creased skin reaction. 

To avoid cross firing the same subcutane- 
ous area, 3 nonopposing fixed beams, or a 
rotating beam, are often employed. The 
three nonopposed fields may be an anterior 
one and two oblique postericr fields; the 
rotation beam mav consist of 1 260 degree 
arc. Data from Chamberlain’ show that 


| mm. Cu HVL. 

















Fig. 2. Liagrams showing depth doses with orthovoltage therapy (200 kv.), half value layer 1 mm. copper 
8o cra. target skin distance, field 10x 16 cm., pelvis 20 cm. thick. Note that for 74 r delivered in air to an 
anterier field, there is a skin dose of approximately 100 r, a 10 cm. depth dose of 34 r, anc an exit dose of 
8 r, Aecordingly, to deliver 3,000 r to a hypothetical tumor in the mid-pelvis via 2 opposing small fields 
of thesstype, one will deliver about 4,400 r to the skin of an anterior pelvic field and 4,400 r to the skin ofa 
poster-or pelvic field. With exit dose added, each skin field receives about 4,750 r. The appreximate dose at 


o.s car beneath either of these fields is 4,560 r. 
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14 mm. Cu HVL. 


Fio. 3. Diagrams showing depth doses with 1,200 curie Co® unit, half value layer 14 mm. copper, 50 cm. 
target skin distance, field 10X10 cm., pelvis 20 cm. thick. The skin dose is proportionately much less than 
that delivered with orthovoltage rays, but the subcutaneous tissue dose is slightly larger, if biologically 
equivalent doses are delivered to the mid-pelvis. The optimal low backscatter figure of 30 per cent is used; 
megavoltage beams of other types and size may result in 60 per cent skin dose. 


either of these techniques does yield rela- 
tively improved physical depth dose with 
megavoltage. With megavoltage double arc 
rotation, the same tumor depth dose can 
be attained as with telecobalt rotation or 
three fields of 4 mev., but there is a greater 
volurne of nontumor tissue irradiated. When 
allowance is made for the decreased bio- 
logic effectiveness of supervoltage radia- 
tion, the "2:0 kv. curve is appreciably 
close to the supervoltage ones." In other 


words, there is little or no significant in- 
crease in biologically effective depth dose 
with megavoltage under many ordinary 
clinical situations. 

The shielding effect of bone with ortho- 
voltage should and can be allowed for. 
With small beams (8X12 cm.) it can 
amount to about 20 per cent in the caseof 
tissues underlying the sacrum or the thor- 
acic spine. Conversely, the radiotranspar- 
ency of the lung should be compensated for 





Fic. 4. Diagrams summarizing findings of Figures 2 and 3. The subcutaneous dose with cobalt 60 is actually 
larger than that with 200 kv. roentgen rays to attain biologically equal depth doses under the specific 
conditions described, that is 5,080 rads instead of 4,650 rads. 
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(it permits about 20 per cent more trans- 
mission than solid tissue). Neither physical 
feature limits effective orthovoltage ther- 
apy in Cinical practice. 

2. Diminished Skin Dose. This real prop- 
erty of megavoltage, often considered an 
advantzge, is frequently the contrary. Skin 
erythema is a useful and readily visible 
indicater of, or clue to, deeper tissue toler- 
ance, When thereisa warning skin reaction, 
dosage zan be reduced, protracted or ter- 
minatec, and important deeper structures 
thereby protected. Serious and disabling 
late subcutaneous fibrosis, nerve damage, 
pulmonary fibrosis, gastrointestinal tract 
injury and perforation have been reported 
not infrequently following supervoltage 
therapy. despite an intervening relatively 
intact sain. 

For persons of average build, skin toler- 
ance is vof the limiting factor in radiation 
therapy. but rather intestinal, bronchial 
and neural tissue tolerance. 

Early skin reaction under radical radia- 
tion the-apy will be more severe with ortho- 
voltage, but late changes tend to be about 
equal—«ith subcutaneous injury added to 
the megavoltage dermal changes. 

3. Decreased Bone Dose. When physical 
measurements are made under laboratory 
conditicns, the absorbed dose in compact 
bone is “ound to be about unity with mega- 
voltage beams (as compared with a factor 
of 2 wits orthovoltage). In other words 690 
megavoltage r in compact bone vields 
about 00 megavolt rads, while 600 ortho- 
voltage r vields about 1,200 rads. The 
physica. dose in the adjoining cancellous 
bone and bone marrow is estimated as being 
about equivalent in terms of physical rads; 
the biologic dese is different by the previ- 
ously mentioned factor of approximately 
0.8. In clinical practice, Friedman ef a7? 
Schulz® and others’? report that the inci- 
denze cf bone necrosis with supervoltage 
therapy is similar to that from orthovoltage. 
Friedman et al believe that "anatomic, 
clinical and pathologic factors contribute 
much more to the production of radionecro- 


sis tham the physical factors." Simon and 
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Silverstone * report that “radionecrosis of 
the jaw has been observed after cobalt 6o 
and other forms of supervoltege irradia- 
tion, and may even increase 19 incidence 
because of our tendency to give arger doses 
when using supervoltage." 

4. Greater Patient Comfort. OX all the in- 
tangibles in radiation therapy, this is one 
of the greatest. When large fields are em- 
ploved and dosage is protracted in the man- 
ner often required in clinical cancer ra- 
diation therapy, it is usually found that 
there is as much nausea, vomiting, diarrhea 
and malaise with supervoltage as with 
orthovoltage therapy, when biologically 
equivalent doses are delivered. However, 
with small fields, and only physically 
equivalent doses, there is rel itively less 
volume of tissue irradiated aad less im- 
mediate skin reaction with sipervoltage 
therapy; the smaller biologic dose naturally 
aids increased comfort, but results in in- 
adequate therapeutic outcome. 

We have seen many patienzs with de- 
creased comfort following | s ipervoltage 
treatment because of persistent neutro- 
penia, late subcutaneous tissue damage, in- 
testinal injury and bone necrosis. In gen- 
eral, megavoltage etfects parallel ortho- 
voltage reactions when equally large bio- 
logic doses are given. 

By proper graduation of dose and suit- 
able medical attention, patient comfort can 
be as readily assured with crthovoltage 
therapy as with megavoltage. When large 
fields must be used (e.g., with ovarian car- 
cinoma) patients may incur side effects 
with either voltage. In clinical practice, the 
virtue of the decreased volume or integral 
dose that occurs with megavolt: ge is seldom 
a major factor. 

z. Better Results. There is no valid sta- 
tistical evidence of improved cancer pallia- 
tion or cure rates to date. Caacers of the 
uterus, esophagus and lung have not 
vielded better results with supervoltage 
therapy than with orthovoltaze (Philips," 
Buschke,? del Regato and Regaud,? Jacox," 
Martin”). Even bladder cance: has proved 
disappointing (Friedman ef al,’ Pointon?). 
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Comparative five year data will be found 
in the next section. 


COMPARATIVE RESULTS 


Valid comparison of results in cancer 
therapy is difficult because of differences in 
grading, staging and associated clinical care 
of two given groups of cases. However, 
when the two groups are from the same 
institution, of the same general type and 
stage, and cared for during a given decade 
by physicians of equal training and exper- 
ience, comparison has some validity. Much 
of the following data is chosen for that 
reason. 


A. HEAD AND NECK TUMORS 


Larynx: Cantril’ found no improvement 
in five year cure rates of larynx cancer with 
supervoltage therapy. His rates were 55 per 
cent with orthovoltage and 41 per cent 
with supervoltage therapy (20 and 36 cases, 
respectively). He noted that comparable 
series of patients treated at the University 
of California Hospital showed no differ- 
ence—63 per cent five year arrests in each 
group (44 and 46 cases, respectively, in the 
orthovoltage and supervoltage groups). He 
wrote "one comes to the conclusion that in 
radiotherapy the quality of the radiologist 
and not that of the rays is the deciding 
factor...from evaluation of patients 
treated by others plus our own results, 
supervoltage roentgen rays or telecobalt 
would not appear to be an important fac- 
tor." 

Friedman, Southard and Ellett? write 
"For many lesions, supervoltage roentgen 
rays have been disappointing and it is 
probably preferable to use orthovoltage 
and interstitial radium." It is easy to ir- 
radiate the head and neck with super- 
voltage, but there is not an accompanying 
significant improvement in the arrest rate 
of such cancers. Indeed, “our previous ex- 
perience with 250 kv. roentgen rays in the 
treatment of parotid cancers has been 
more favorable than with supervoltage ir- 
radiation." 

Fletcher e£ al., Jacox,? Lampe,” Lenz,” 
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Moss,” and Nickson?” also find no statis- 
tically valid evidence of better results in 
laryngeal cancer with supervoltage therapy. 

Our own experience with laryngeal can- 
cers includes some 175 patients, treated by 
orthovoltage roentgen therapy. The major- 
ity of these were intrinsic squamous cell 
carcinomas (Fig. 5, 4, B and C). The five 
year determinate cure rates in this group 
are: Stage 1 (single cord, without fixation), 
88 per cent; Stage 11 (both cords, or single 
cord with fixation), 79 per cent; and Stage 
Hi (one or both cords, with invasion or 
metastases), 33 per cent. 

Some of the radiation failures were suc- 
cessfully treated by subsequent laryngec- 
tomy. 

The five year cure rate for all intrinsic 
lesions was 46 per cent; for extrinsic tumors 
it was considerably less. 

Tonsil: Sheline e£ al. report a series of 
56 patients treated for cancer of the tonsil; 
the five year survival rates after ortho- 
voltage therapy were 20 per cent and after 
megavoltage therapy 20 per cent. 

Tapley e£ al.“ also report a series of tonsil 
carcinomas treated with both modalities; 
in 71 male patients the five year survival 
rates were 21 per cent in each group. They 
write, “There is no evidence that the form 
which the radiation therapy of the primary 
lesion takes (radium alone, radium and 
roentgen ray, orthovoltage, or supervoltage 
external therapy alone) has an important 
effect on the outcome." 

Alveolus and Antrum: Paterson?? reports 
42 patients treated with 4 mev. roentgen 
rays. The two year cures were approxi- 
mately 42 per cent, “not significantly dif- 
ferent from earlier results using 250 to 500 
kv. radiation." 


B. ESOPHAGUS 


Fletcher e£ 47.," Friedman," and Philips? 
find no evidence of increased cure rates with 
supervoltage therapy. Fletcher writes, 
"Large series of cancers of the esophagus 
and lung treated with supervoltage have 
failed to show any appreciable improve- 
ment in results when compared with con- 
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ventional therapy, provided that compar- 
able clinical material has been evaluated.” 

Friedman?! noted that the first 40 cases 
of esophageal cancer he treated with super- 
voltage rotation died within less than two 
years "which is poorer than several re- 
ported groups with 200 kv.” 

Our experience with esophageal cancer 
included some 200 patients, treated by 
orthovoltage roentgen therapy, and a few 
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lic. 5$. (4, B and C) Carcinoma of extrinsic 
larynx cured by radiation therapy. White fe- 
male, aged 62, with tumor of right aryepi- 
extending midline, 
Microscopically, squa- 


glottic area, across 
clinically Stage imi. 
mous cell carcinoma. She was given a tumor 
dose of 4,500 orthovoltage rads in 38 days 
in 1947. Marked initial epidermitis oc- 
curred and healed in 3 weeks. The tumor 
disappeared. and the larynx was normal by 
indirect examination. The patien- had been 
cured over 12 years and died of independent 
causes following cholecystectomy. C shows 
the appearance of the tumor prier to radia- 
tion therapy (well differentiated squamous 
cell carcinoma). 


patients with rotational telecobalt ther- 
apy. There are no five year cures. The 
palliation rate was as good with fixed-field 
roentgen with rotational cobalt 


therapy to date. 


rays as 


C. LUNG 
Fletcher eż al." and Philips? report no 
increase in arrests and no sgnificant in- 
crease in palliation with supervoltage ther- 
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apy. Jacox' writes “. .. with multimillion 
volt machines or cobalt beam therapy there 
has been no significant increase in (lung 
cancer) cures . . . Nothing can be gained by 
supervoltage therapy that cannot be ob- 
tained by careful planning and treatment 
application at deep therapy voltages." It 
is noted that pulmonary reaction and 
esophageal injury are more apt to occur 
with supervoltage therapy. Philips? re- 
ports that “Bronchogenic cancer, like 
cancer of the esophagus, has proved just as 
intractable to supervoltage as to medium 
voltage therapy x 

We have reported our experiences with 
primary bronchial cancer treated by ortho- 
voltage roentgen therapy. Out of some 150 
patients there are only 2 five year survivals 
to date. However, the temporary palliation 
rate in terms of relief of cough, pain and 
hemoptysis ranged from 60 to 75 per cent 
(Fig. 6, 4-D; and 7, 4 and B). Average 
survival time following radiation therapy 
was about double that in the untreated 
group (Ze., 7 versus 3.5 months). Our re- 
sults with telecobalt therapy to date are 
not significantly different, the median sur- 
vival being less than seven months. 


D. UTERINE CERVIX 


Hunt eż al. using orthovoltage therapy 
plus intracavitary radium, report sg per 
cent five vear absolute arrests in 246 cases. 
Murphy,” using megavoltage therapy plus 
radium in a series of 1,244 cases, reports 
51 per cent five year arrests. If one con- 
siders the more localized cases, one finds 
the following five year arrest figures re- 
ported by these authors. 


Stage Stage mm Stage ri 
(per (per (per 
cent) cent) cent) 
Orthovoltage 
Therapy (Hunt eż al.) 87 60 35 
Megavoltage 
Therapy (Murphy?) 75 55 36 


These data show no increase in cure rate 
incervical cancer with megavoltage therapy. 
Stone? reported that his five vear re- 
sults in 35 patients treated with 200 kv. 


x 
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were superior to those in 35 comparable 
cases treated with 1,000 kv. roentgen rays. 

We have treated several hundred patients 
with cervix cancer using a combination of 
radium and orthovoltage roentgen therapy. 
In recent years our five year survival rate 
in treated patients has ranged from 44 to 
49 per cent. Except in unusually thick or 
obese patients, it is not evident that cobalt 
or megavoltage therapy per se will signifi- 
cantly improve these results (Fig. 8, Z and 


B; 9; and 10, 4 and B). 


E. OVARY 


Cancer of the ovary is difficult to diag- 
nose and to stage; therefore the following 
figures are reported not as definitive, but 
as suggestive data. Sisson and Garland, 
using postoperative orthovoltage wide-field 
roentgen-ray therapy had 23 per cent five 
year survivals in 115 cases; Murphy” using 
postoperative supervoltage roentgen rays 
E 19 per cent survivals in 95 cases— there 

s of course no significant ditference in these 
Dunes 


F. BREAST 

No writers claim superior results in 
breast cancer with megavoltage therapy. 
Indeed, Kaplan and Bagshaw" report re- 
turning to 140 kv. roentgen rays to irradi- 
ate the internal mammary chain; Meurk 
and Chu? report a study of cases treated 
with 2:0 kv. and 1,000 kvp., concluding 
that as far as the chest wall was concerned 
"the 250 kv. tangential technic delivered 
the least radiation to the lung." They did 
however, indicate a personal preference for 
megavoltage therapy in the supraclavicular 
area. 

Bachman and Macken! noted a signifi- 
cant increase in pulmonary fibrosis and 
pleural reactions with supervoltage-treated 
breast tumors. They regarded the effusions 
as being radiogenic in 5 per cent of cases. 

For cutaneous lymphatic permeation, 
orthovoltage would have obvious advan- 
tages compared with megavoltage (Fig. 11, 
A-D). However, for the high axillary re- 
gion in unusually thick patients (especially 
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Fic. 6. Primary lung cancer, locally cured by radiation therapy. Male, aged 56, with cough, 1emoptysis and 
weigh- loss. (4 and B) Roentgenograms show atelectasis of right upper lobe. Bronshoscopy showed a tumor 
in the right upper lobe bronchus. The carina was fixed and the lesion was regarded as inoperable. Pathologic 
diagnesis, anaplastic carcinoma. (C and D) Three months after radiation therapy (3,500 orthovoltage 
rads tumor dose, in 4 weeks, to an oval area 14 cm. in diameter). The atelectasis has cleared up. The pa- 
tient returned to work, gained weight and lived for slightly over one year, when he died of zerebral metas- 
tases. 


in the absence of radical surgery), mega- arrest rate in patients treatec with mega- 
voltaze should permit simpler and more voltage beams (which he considers much 
effective irradiation. inferior to the 56 per cent rate he previously 
had obtained with intracavitary radioac- 
tive sources). 

Friedman’ reports a 13 per cent five vear Paterson? and Pointon? report results of 


G. BLADDER 
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Fic. 7. Same patient as shown in Figure 6. (4) Tissue shows epidermoid carcinoma of the right upper lobe 
bronchus, anaplastic. (B) Tissue from same portion of bronchus at autopsy, a little over 12 months later. 
There îs no microscopic evidence of viable tumor cells in the irradiated area. A minority of epidermoid 
care nomas of the bronchus are locally controllable with tissue doses in this range. (Figures 6, 4-D and 
7, 4 and B courtesy of Garland and Sisscn, Radiology.) 


radical 4 mev. treatment of 87 patients 
with bladder cancer. The three year sur- 
vival rate was 29 per cent—not significantly 
different from the 27 per cent rate obtained 
previously with premegavoltage roentgen 
rays in the 250-500 kv. range. 

For localized cancer of the trigonal area, 
rotation. therapy (using orthovoltage or 
megavoltage) should permit more effective 
irradiation. We have treated a small num- 
ber of such patients with a 1,200 curie co- 
balt rotation unit, with an early tumor re- 
sponse not significantly different from that 
previously obtained with fixed-field ortho- 
voltage therapy. Other investigators have 
commented on the relative low radiosensi- 
tivity of many bladder cancers—a fact 


which may explain the disappointing re- 
sults of megavoltage therapy to date. 


H. BRAIN 

Peirce?? reports a twenty vear radiation 
therapy study of over 600 patients with 
primary neoplasms of the brain and brain 
stem. Palliation was reportedly good in 
about three-fourths of the gliomas treated 
with adequate dosage (about 5,500 ortho- 
voltage rads in seven weeks time); medul- 
loblastomas yielded 20 per cent ten vear 
survivals. He writes: “Supervoltage ther- 
apy is not necessary and has no advantage 
other than some sparing of the radiation 
dose to the scalp.” 

Several radiotherapists have used mega- 
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voltaze radiation, with or without rota- 
tion, for pituitary adenomas. Their pub- 
lishec results are not any better than those 
obtained with orthovoltage. Using three 
fields and tumor doses of about 3,000 
orthovoltage rads in three to four weeks 
time, we have treated some 45 cases of 
pituitary adenoma (mostly chromophobic) 
with excellent results. 

These various data on the relative re- 
sults actually obtained with orthovoltage 
and megavoltage radiation (Table 11) con- 
firm the observation of Kaplan,'^ published 
in 1¢58, that "there has not been any 


conclisive demonstration that supervolt- lie. g. Roentgenogram of the patient shown in 
Figure 8 made 7 years after the course of mega- 
voltage radiation therapy shows pztchy sclerosis of 
the sacrum and fifth lumbar vertebra, indicative 
of radiation osteitis. She had rataer severe pain. 
No clinical or cytologic evidence of recurrent 
neoplasm was noted. 








Fic. 10. (4 and B) Example of skin changes 7 years 


Fic. 8. (4 and B) Example of skin and subcutaneous after orthovoltage radiation. therapy. White fe- 


tissue changes 7 years after megavoltage radia- 
tion therapy. White female, aged 47 in 1952, was 
treated in that year for Stage 11 carcinoma of the 
cervix by 1 mev. roentgen-ray beam, to a dose of 
approximately 4,000 r in air, to each of 4 fields 
8X 5 cm. in 29 days and coincidental intra- 
cavitary radium therapy. These photographs 
were made 7 years later. The patient now has 
marked subcutaneous fibrosis over the pelvis, 
slight telangiectasis, and painful radiation osteitis 
of the sacrum and fifth lumbar vertebra. 


male, aged 49 in 1952, was treated in that year for 
Stage mr carcinoma of cervix by orthovoltage 
therapy (200 kv., half value layer 2 mm. copper) 
to a dose of 2,500 r in air to each cf 7 fields 10X15 
cm. in 46 days. These photographs were made 7 
years later. The patient has telanziectasis, but no 
significant degree of subcutaneous fibrosis, and 
there is no evidence of radiatior osteitis. These 
skin changes are usually less disabling than the 
severe subcutaneous fibrotic changes sometimes 
seen after megavoltage therapy. 


634 


L. Henry Garland 


OcToBzR, 16I 





Fic. 11. Mammary carcinoma, locally controlled by simple mastectomy and orthovoltage radiation therapy. 
Mrs. N. K., aged 57, with Stage 1 carcincma of right breast treated by simple mastectomy and postoperat- 
ive radical radiation therapy. (4 and B) Photographs made 5 years after treatment show minimal residual 


telangiectasis. (C) Chest roentgenogram s years after treatment shows no pulmonary fibrosis. (D) Histo- 
logic appearance of primary tumor (adenocarcinoma) at the time of operation. (Courtesy of Radiology.) 


age therapy vields a significantly improved 
cure rate for any particular variety of 
cancer," and of Martin? that "supervolt- 
age machines neither increase the cure rate 
nor reduce the number of seconcary in- 


ternal sequelae. . . ." Quastler? and many 
others have stressed that the biology of the 


particular cancer under treatment is the 
more important factor. 


COMPLICATIONS 


The complications of radiation therapy 
may be listed as early and late, local and 
general. They include erythema, telangi- 
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SUMMARY OF COMPARABLE CLINICAL RESULTS WITH 
OL FHOVOLPAGE AND MEGAVOLTAGE THERAPY 


Orthe- 





Mega volt- 
voltage = 
T ay. age Therapy 
xd l'umor Pherapy i 97i oso- 
Aacthor Site (200- jpo 
; s 6,000 kv.) 
400 kv.) |; BA 
axi {per cent”) 
{per cent”) 
Cantr? | Larynx 55 41 
Shelias efa/." Tonsil 20 20 
Frecraan? | Esophagus o o 
Philos Lung o o 
Hunt otal! | Cervix 59 
Muroiy?? Cervix şi 
Poin:cn? 


Bladder 27 29 


* All cata represent five year survival rates except those for 
the blader, for which three year survival rates are shown. 


ectasis, atrophy, fibrosis, necrosis, pain, 
nausea, vomiting and even late neoplasia. 
Fibrosis of deep structures may lead to 
pericardial, pulmonary, intestinal, neuro- 
logic, osseous and other disorders. Necrosis 
may lead to perforations of hollow viscera, 
destruction of cartilage or bone, and second- 
ary lafections. As with radical curative 
surgery, a smell incidence of such complica- 
tions must be accepted as unavoidable, in 
the | ght of the good done the major num- 
ber. For example, almost so per cent of 
women with uterine cervical cancer (all 
stages combined) are now curable by effec- 
tive radiation therapy; the incidence of 
severe radiation proctitis, ileal fibrosis or 
femoral neck osteitis is about 4 per cent, 
or 2 eut of every 50 women cured. This 
compzres more than favorably with the 
complication of ureteral necrosis or ob- 
struction following radical hysterectomy 
for this disease, reported by its leading pro- 
pone if as 14 per cent. 

Coraplications must and can be min- 
imizec by avoidance of excessive total dos- 
age, aad of unduly rapid or intensive dos- 
age. With judicious protraction of treat- 
ment, meticulous daily administration and 
corre: associated care, they can be kept to 
a mirimum, whether orthovoltage or mega- 
voltaze irradiation is used. However, with- 
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out care and experience, they are more apt 
to occur with supervoltage therapy because 
of the deceptively mild early skin reactions. 

Late reactions following supervoltage 
radiation therapy have beer. recently re- 
viewed by Leucutia.” He writes: “There is 
accumulating evidence that by using super- 
voltage radiation therapy ... indolent fi- 
brosis may be developing ir deep seated 
structures where elastic or areolar connec- 
tive tissue forms a supporting stroma, and 
that this indolent fibrosis may be a causa- 
tive factor... accounting. for the late 
changes observed in the pareachyma of an 
organ or in the basic elements of a sys- 
tem ... In using supervoltage radiation 
therapy over the chest, the chances of sim- 
ilar reactive changes are greatly increased." 
He refers to reports of radiation pneumoni- 
tis with fatal outcome, gastrointestinal 
tract injuries, and urinary tract reactions. 
He notes the occurrence of radiation myel- 
itis after supervoltage, and the fact that 
the incidence of radionecrosis of bone and 
cartilage (following irradiation of head and 
neck lesions) is similar to that from ortho- 
voltage roentgen therapy. 


CHOICE OF MODALITY 

Effective radiation therapy requires the 
deliverance of an adequate but tolerable 
dose to the diseased area of interest. This 
mav be accomplished by one or a combina- 
tion of many different mocalities. With 
200 kv. (orthovoltage) beams, it is possible 
to deliver such doses to the deeper tissues 
of most patients without permanent and 
serious damage to the normal structures 
near the tumor and without irreparable 
damage to the overlying skin. Therefore, 
the radiotolerance of the skin is wot the 
limiting factor in deep therapy ; it is rather 
the anatomic extent of the tumor and the 
relative radiosensitivity of the tumor cells. 

For persons who are unusually thick 
(over 30 cm.) or whose skin overlying the 
tumor has had serious prior injury, mega- 
voltage beams do have a usefulness by 
virtue of their better penetration and de- 
creased skin effect, providing nonopposing 
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fields are used. For rare lesions such as 
sharply localized posterior retinal tumors, 
they also have a definite physical advan- 
tage. However, in most cases, literal ‘“‘pin- 
pointing” of the beam is neither useful nor 
sensible. ‘“Pin-pointing”’ of radiation beams 
has been utilized for four decades, daily in 
the case of superficial lesions, seldom for 
deep-seated lesions because their precise 
anatomic extent is difficult to ascertain, 
and literal pin-pointing might result in not 
irradiating large portions of the tumor. 

The importance of visible biologic reac- 
tions is stressed by Glicksman, Chu, Bane 
and Nickson? after a study of patients 
treated by protracted irradiation: ‘“Ex- 
perienced radiotherapists will recall pa- 
tients whose reaction to irradiation sys- 
temically or locally was so vigorous as to 
necessitate termination of treatment after 
only two-thirds or three-fourths of the 
usual time-dosage relationship accepted by 
most patients. In some, the response of the 
tumor appeared to correlate better with the 
severity of the biological response than 
with the physically measured amount of 
energy delivered to the patient. ... 

“It would appear from the foregoing 
that a biological triage of responsiveness to 
ionizing radiation, at least as far as the skin 
is concerned, does in fact exist. The correla- 
tion of these observed classes with other 
kinds of biological response, ;.e., degree of 
late fibrosis and, perhaps most important, 
tumor response, must await further studies 
of these and similarly identified patients. 
It seems probable that the vigor of reaction 
of tumor cells to irradiation will be found 
in the end to correlate more with biological 
factors than with physical factors." 

Orthovoltage beams are regarded as indi- 
cated for many if not most patients with 
neoplastic disease suitable for radiation 
therapy because with them there is: 

(a) Increased Accuracy of Dose Adminis- 
tration. Flexible orthovoltage units permit 
the radiologist to adjust the beam readily 
to the patient; cumbersome megavoltage 
units often require adjusting the patient 
to the beam. Orthovoltage therapy fields 
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can be precisely tailored to the individual 
case with simple diaphragms or lead sheets; 
megavoltage units call for cumbersome 
collimators or lead blocks. 

(b) More Precise Definition of Beam 
Margin. Orthovoltage units, when used 
with cones and skin shields, permit sharp 
definition of beam edges. Some megavolt- 
age units (notably cobalt and cesium tele- 
therapy units) have ill-defined beam edges 
owing to large penumbra. Indeed, with 
small treatment fields, the latter can render 
the megavoltage device physically less ef- 
ficient than the orthovoltage unit. There 
is better protection of normal beam-adja- 
cent structures with many orthovoltage 
beams. This does not apply to megavolt- 
age roentgen-ray devices utilizing small 
focal spot tubes. 

(c) Better Protection of Deep Structures. 
Skin erythema is a useful clue to tissue 
tolerance. With warning skin reactions, 
deep tissues are better protected. Serious 
late subcutaneous fibrosis, neurologic in- 
jury, pulmonary fibrosis and gastrointes- 
tinal injury have been reported with mega- 
voltage despite an intact overlying skin. 
For most persons, skin tolerance is not the 
limiting factor in radiation therapy. With 
megavoltage, the high exit dose in thin 
parts such as the neck, may result in exces- 
sive dosage. 

(d) Comparable Tolerance. With ortho- 
voltage radiation, absorption in cancellous 
bone and bone marrow is closely similar to 
that from equal doses of megavoltage radia- 
tion; however, scatter and presumably ab- 
sorption in compact bone is greater than 
that with megavoltage. This last phenom- 
enon may be an advantage and not a dis- 
advantage—for example in treating lesions 
such as diffuse osseous metastases. The 
incidence of postradiation osteitis and bone 
necrosis following radical radiation therapy 
is apparently about equal with the two 
modalities, when biologically equal doses 
are employed. 

(e) Decreased Incidence of Late Sub- 
cutaneous Injury. Orthovoltage beams us- 
ually produce maximum ionization in the 
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skin; after radical therapy there may be late 
telangiectasis and atrophy. This can be 
followed carefullv, and treated med'callv or 
surgically when indicated. Megzvoltage 
beams produze maximum ionization in the 
subcutaneous tissues (at about 0.5 cm. 
depth with telecobalt and about 1.5 cm. 
depth with 4 mev. linear accelerator beams) ; 
after radical megavoltage therapy there 
may be late fibrosis and atrophy of the deep 
subcutaneous tissues. These are lesions 
difficult to assess and to treat. If neoplastic 
change eventuates (e.g, fibrosarcoma), the 
lesion may be less amenable to cure than 
an observabe skin injury resulting from 
heavy orthovoltage therapv. 


DISCUSSION 


In 1932, the roentgen came into general 
use as a unit of roentgen-ray measurement. 
Doctors were often impressed to learn that 
their patient had received a large dose, 
e.g., 8,000 r. A little inquiry migat have 
elicited the fact that this referred to the air 
dose of all e» posed fields added together— 
not the actual tumor dose. But the large 
numbers were impressive to the uninitiated. 

In 1933, after trial of a 70 gm. radium 
bomb at the Curie Institute, del Regato and 
Regaud? concluded that "it showed no 
important superiority over lower potential 
roentgen therapy which was more elastic 
and less danzerous to all concerned." 

Almost thirty. vears later the same can 
be said, in general, for cesium units, cobalt 
units, linear accelerators and multi-million 
volt roentgea-rav therapy units. But the 
large numbezs—6 million volts, 1c million 
volts, go mil ion volts still impress our col- 
leagues, ever though the tumor effect is 
not increased und indeed the biologic eff- 
ciency of the megavolt rad is actually de- 
creased. 

In 1938, atter several years use of million 
volt radiaticns, Stone?* stated “It is my 
belief that, with a proper use of 200 kv. 
radiations, as much effect can be produced 
in the interior of all but the thic<est pa- 
tients, as their tissues will stand. Progress 
is to be made not by increasing voltage but 
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by changing such factors as 
HORIS 

For all accessible, and many nonacces- 
sible, localized radiosensitive tumors, a 
cancericidal dose can be given with ortho- 
voltage rays. The ease of administration of 
such dose is enhanced in sites such as cer- 
vix, tongue and antrum by associated intra- 
cavitary or interstitial gamma-ray therapy. 
The two agents, orthovoltage roentgen rays 
and localized gamma rays, constitute the 
modality of choice in most clinical situa- 
tions. Nickson,? discussing the remarks of 
Stone and Quastler at the Highland Park 
Radiation Conference, summarized mat- 
ters bv stating that perhaps the orthovolt- 
age unit "used with care and thought, and 
used to its limit, may be a lot better than 
we reallv think it is." And Constance Wood 
observed at the 1959 International Radiol- 
ogy Congress that the over-all survival 
rates with the 8 mev. linear accelerator are 
not superior to those obtained in a com- 
parable series of cases treated with 250 kv. 
therapy. 


protrac- 


CONCLUSIONS 


1. Irradiation of cancers suitable for 
radiation therapy can be performed etfec- 
tively with many different modalities 
ranging from low voltage roentgen-ray 
machines to ultra-high voltage electron 
beam devices, depending on the size, depth, 
type and location of the tumor and the 
status of the surrounding tissues. For most 
deep-seated cancers, patient safety tends to 
be greater with orthovoltage therapy. 

2. The biologic type of the tumor present 
and the host’s defense mechanism are more 
important than the voltage employed. 
This has been expressed in the 60-30-10 
"law"—which states that the factors in- 
fluencing the radiologic cure of cancer re- 
side about 60 per cent in the nature and 
extent of the tumor, about 3c per cent in 
the skill and experience of the radiologist, 
and about 10 per cent in the modality em- 
ployed. 

3. There is but little validity te the claim 
that supervoltage therapy permits an effec- 
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tive dose with less risk of complications and 
less general discomfort to the patient 
(when doses biologically equal to those 
delivered with orthovoltage rays are used). 
There may be less initial local cutaneous 
discomfort with supervoltage therapy, but 
this tends to be offset by greater ultimate 
subcutaneous injury. 

4. Supervoltage or megavoltage devices 
may be described as “heavy on promise but 
light on performance,” yet not undeserving 
of continued scientific investigation under 
research and preferably controlled condi- 
tions—wherein long-term results with hu- 
man cancer would receive scientific study 
and deliberate publication. 

5. Clinical indications for the use of 
several types of modality are considered in 
this paper, and it is shown that, for most 
neoplastic problems, orthovoltage (200 kv.) 
roentgen-ray machines plus radium in suit- 
able sources still constitute very effective 
means of modern radiation therapy. 


450 Sutter Street 
San Francisco 8, California 


'This work was aided with funds from the 
American Cancer Society (California Division), 
and the Wm. Hume-Albert Barrows Cancer 
Research Fund. 
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ANGIOGRAPHIC HYPERVASCULARITY AND SUR- 
VIVAL IN GLIOBLASTOMA MULTIFORME* 


By JOHN A. GOREE, M.D. 


DURHAM, NORTH CAROLINA 


AP UNDAN T neoplastic vascularity often 
is visualized on the cerebral angio- 
gram of a glioblastoma multiforme. In ad- 
dition to the obvious diagnostic implica- 
tions in the roentgenographic demon- 
stration of tumor vessels, a richly vascu- 
larized glioblastoma provides a clue to a 
histologic subdivision within the glioblas- 
toma group itself. 

In a study of 133 glioblastomas, Busch 
and Christensen! included 74 cases with 
cerebral angiograms. All but 1 of the 22 
tumors with “arteriovenous anastomoses” 
seen on angiograms were also found to have 
intense vasculo-proliferative histologic 
changes (their so-called "'angionecrotic" 
classification). Other investigators have 
also found parallelism in comparing roent- 
gen and histo-angioarchitecture in this 
tumor. Cuccia? recently considered these 
features in 59 cases and found that all of 
the tumors with abundant coarse new ves- 
sel formation seen on the cerebral angio- 
gram were likewise highly vascularized on 
histologic examination, while of the cases 
with no neoplastic vascularity seen angio- 
graphically, 73 per cent showed sparse neo- 
vascularity histologically. 

A definite parallelism between histo- 
logic malignancy and the degree of endo- 
thelial hyperplasia in the astrocytoma- 
glioblastoma group of brain tumors is well 
recognized and occasionally the hyper- 
plastic endothelial cells in some glioblasto- 
mas may themselves assume neoplastic 
properties and even form sarcomatous tis- 
sue.? The pathogenetic mechanisms of the 
peculiar and often bizarre vascular forma- 
tions observed in glioblastoma are contro- 
versial and beyond the scope of this paper. 

Since vascular proliferation is intimately 


related to malignancy in glioblastoma and 
since there seems to be a correlation be- 
tween histologic and angiographic studies 
in vascularization, it follows that the 
cerebral angiogram alone might well be 
utilized in the analysis of yet another aspect 
of relative malignancy in this tumor, 
namely, survival. The purpose of this study 
is simply to compare angiographic vascu- 
larity with longevity in a series of proved 
cases of glioblastoma. 


MATERIAL 


Eighty-two cases of histologically proved 
glioblastoma multiforme with positive cere- 
bral angiograms were reviewed. For sim- 
plification, they were separated according 
to the angiographic findings into two large 
groups: (1) those demonstrating rich neo- 
vascularity in the form of numerous large 
caliber tumor vessels, “sinusoids,” or 
arteriovenous connections (hypervascular) ; 
and (2) those with only relatively few or 
completely absent tumor vessels (avascu- 
lar). No attempt was made at further 
angiographic subdivision, although it is 
realized that various classifications have 
been offered, largely for diagnostic pur- 
poses.*5 The post-operative survival times 
of each group were recorded and compared. 

Twelve patients survived only five post- 
operative days or less and were rejected as 
operative deaths. Ten angiograms demon- 
strated nonfilling, spasm or marked com- 
pression of the arterial distribution to the 
vicinity of the neoplasm and were like- 
wise discarded, since the status of the 
vascularity within the tumor could hardly 
be established. Nine cases still living with 
a post-operative survival time of less than 
fifteen months were excluded. 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 
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RESULTS 

Of the remaining 51 cases with angio- 
grams suitable for this study, 37 cases 
(72.6 per cent) were found to have scanty 
or absent vascularity, while 14 cases (27.4 
per cent) demonstrated abundant coarse 
new vessel formation on the angiogram. An 
example of each angiographic group is 
presented briefly for illustration. 


Case r. P. W., 25358, a forty-three vear old 
1 


Negro male, was admitted with symptoms of 


A left carotid arterio- 
gram revealed a large mass in the left frontal 


three weeks’ duration. 


lobe with no appreciable tumor vascularization 
(Fig. 1, Æ and B). A craniotomy the next day 
was followed by subtotal resection of a large 
left frontal lobe glioblastoma. The patient ex- 
pired thirteen months later. 


Case um. D. S., E-73716, a forty-seven year 
old Negro female, developed symptoms five 
months prior to admission. A left carotid 
arteriogram demonstrated an extensively vas- 
cularized tumor in the left frontal lobe (Fig. 2, 
A and B). The same day a gliob astoma was 
partially resected from the left rontal lobe. 
The survival time was four post-operative 
months. 





Vic. 2 (4 and B) Hypervascular glioblastoma in the left frontal lobe. Survival time, four months. 
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Case 1 represents the angiographically 
classified avascular glioblastoma, while 
Case 11 is a typical example of the hyper- 
vascular tumor. Figure 3 charts the per- 
centage survival of each group for the post- 
operative months survived. These percent- 
ages are also compared in Table 1. A dif- 
ference in longevity is apparent with no 
survivor in the hypervascular group at 
nine months after surgery. Fourteen per 
cent of the avascular cases survived one 
year and 1 patient is still living forty- 
three months after surgery. 


DISCUSSION 


While most of the previous angiographic 
studies on glioblastoma have concentrated 
on the diagnostic features of the angio- 
architecture, there are few data on an 
angiographic-survival correlation. The 60 
k angionecrotic” cases in Busch and Chris- 
tensen’s! series (33 with angiograms) had 
the poorest comparative prognosis, but the 
authors did not directly relate the survival 
data to the angiographic material. 

Undoubtedly, some of the avascular 
cases in this series would have demon- 
strated tumor vessels at serial angiography 
and, indeed, delayed exposures have re- 
vealed neovascularity in a few of the cases 
included here. For the purpose of uniform- 
ity, the few tumors showing significant new 
vessel formation only in the “capillary” 
phase of cerebral circulation are included 
in the avascular group. The extent of the 


~o- "Avascular" Tumors (37 cases} 
—e- "Hypervascular" Tumors ( [4 cases) 





PERCENT SURVIVAL 


234567 89 10 Il I2 I3 I4 I5 
POST-OPERATIVE MONTHS SURVIVAL 


Fic. 4. Angiographically classified tumor vas- 
cularity and survival in 51 glioblastomas. 
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ANGIOGRAPHIC TUMOR VASCULARITY AND 
SURVIVAL IN 51 GLIOBLASTOMAS 

















Hypervascular Avascular 
Post- Tumors Tumors 
operative (14 cases) (37 cases) 
Survival 
(mo) Per Cent No.of Per Cent No. of 
Survival Cases Survival Cases 
3 50 7 81 30 
6 29 4 49 18 
9 o 24 9 
12 o 14 5 
15 o 5 2 





operative procedures were comparable in 
the two groups. 

The vascularity-survival data as pre- 
sented here suggest a malignancy differ- 
ential in glioblastoma. The results are not 
intended to accurately represent absolute 
survival times in cases of this tumor, but 
only to provide comparative information 
obtained from two angiographic groupings. 

Statistical analysis was not attempted in 
this small series and any prognostic value 
of this indication of shorter survival when 
there is gross angiographic vascularity is 
obviously limited in the individual pa- 
tient. The results only emphasize the sig- 
nificance of the angiographic findings when 
they are considered with the clinical and 
histologic features of glioblastoma in the 
study of tumor biology. 


SUMMARY 


A comparison of cerebral angiograms 
with survival data in $1: cases of histo- 
logically proved glioblastoma multiforme 
has demonstrated shorter longevity in the 
group with gross hypervascularity as seen 
on the angiogram. This supports previous 
studies on the correlation of histologic ma- 
lignancy and the intensity of vascular 
formation in this tumor as well as those 
stressing the parallelism between its histo- 
angioarchitecture and roentgen angioarchi- 
tecture. 


Department of Radiology 
Duke University Medical Center 
Durham, North Carolina 
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THE ROENTGEN THERAPY OF PONTINE GLIOMAS* 
By JAMES S. REDMOND, Jr., M.D.+ 


.DURHAM, NORTH CAROLINA 


| os gliomas constitute perhaps 10 
to 15 per cent of all brain tumors in 
childhood. Unfortunately, the vital loca- 
tion of these lesions obviates the possibility 
of surgical removal. Bailey, Buchanan and 
Bucy? wrote, "until some effective treat- 
ment other than surgical is devised, gliomas 
of the brainstem will be hopeless problems 
for treatment." Ingraham and Matson,? in 
reporting 3o cases of pontine glioma, felt 
that some palliation was obtained with 
radiation therapy. Bray, Carter, and 
Taveras’ noted improvement following 
irradiation in the majority of cases. 
Bouchard* stated that most brainstem 
lesions are, “radiosensitive to varying de- 
grees." Frequently, the results of irradia- 
tion of brain tumors have been analyzed by 
histologic groups, but not by location, 
making the value of roentgen therapy for 
these lesions difficult to determine. This 
report is an analysis of 42 cases of pontine 
gliomas seen from 1936 through 1959, with 
emphasis on the methods and results of 
roentgen therapy. 


CLINICAL FEATURES 


Age. The ages in our series ranged from 
three to fifty-three years. Twenty-nine pa- 
tients (70 per cent) were in the three 
through ten age group. Seven patients were 
over twenty-one years of age. That no pa- 
tient was less than three years old supports 
the reported rarity of the lesion before this 
age. 

Race and Sex. There were 24 white pa- 
tients and 18 Negro patients. Males out- 
numbered females 23 to 19. No race or sex 
predominance has been found in the re- 
ported cases.. =~ 

Symptoms and Signs. Most of the cranial 
nerve nuclei, as well as ascending and de- 
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FREQUENCY OF SYMPTOMS IN 42 CASES 
OF PONTINE GLIOMA 











Symptom No. of Patients 
Gait disturbance 28 
Dysphagia and dysarthria 20 
Diplopia 18 
Headache 17 
Hemiparesis 16 
Nausea and vomiting 16 
Facial weakness 9 
Dizziness and vertigo 6 
Tinnitus and hearing loss 3 
Head tilt 2 





scending tracts connecting the cerebrum 
with the cerebellum and spinal cord, are 
located in the brainstem. The wide variety 
of neurologic signs and symptoms which 
can result from a lesion here might readily 
be anticipated. 

In contrast to tumors of the cerebellum 
and fourth ventricle, brainstem gliomas 
usually show no evidence of increased 
intracranial pressure until late, if ever. 

Headache was the most common initial 
symptom (10 patients), followed by diplo- 
pia, abnormal gait and hemiparesis (7 pa- 
tients each). Facial weakness, nausea and 
vomiting, dysphagia, dysarthria, and 
mental changes were less frequently listed 
as first symptoms. 

Gait disturbance was present at some 
time in well over half the cases. Dysarthria 
and dysphagia, headache, hemiparesis and 
diplopia were other frequently noted symp- 
toms (Table 1). 

Duration of Symptoms. The duration 
from onset of symptoms until time of diag- 
nosis ranged from two weeks to three years, 
33 cases having had symptoms less than 


* From the Department of Radiology, Duke University Medical Center, Durham, North Carolina. 


T Clinical Fellow of the American Cancer Society. 
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Taste II 
FREQUENCY OF CRANIAL NERVE INVOLVEMEN1 
IN 42 CASES OF PONTINE GLIOMA 


Cranial Nerve No. of Patients 


VII 28 

VI 24 

[X and X 21 
V 9 

XH 6 

XI 3 

VIH 3 


six months, the remainder from six months 
to three vears. 

Neurologic Findings. At the time of diag- 
nosis, cranial nerve involvement was pres- 
ent in all cases with seventh nerve palsv 
being most common (Table 11). 

Thirty-six patients had 
pyramidal tract involvement such as hemi- 
paresis and Babinski’s sign. Papilledema 
was present at the time of diagnosis in 9 
patients. Sensory changes were quite rare 
in contrast to the multiplicity of motor 
changes. This observation supports the 
findings of Bray e£ al’ 


ROENTGEN FINDINGS 


The plain skull roentgenograms were 
interpreted as abnormal in 13 
Separation of sutures was present in 10 
cases and increased convolutional markings 
In 4. 

Venrriculography was considered diag- 
nostic of pontine glioma in 18 of 23 cases in 
which it was performed. Characteristic 
posterior and upward displacement of the 
aqueduct and fourth ventricle 
scribed by Lysholm! and later by Gardner 
and Shannon? (Fig. 1). In addition, some 
degree of ventricular dilatation was pres- 
ent in IO cases. 


cases. 


was de- 


DIAGNOSIS 


The diagnosis of pontine glioma is not, 
in the majority of cases, based on histologic 
evidence. Because of the vital structures 
intimately related to these tumors, there is 
a high morbidity associated with biopsy. 
Ingraham and Matson! reported that of 21 
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Fic. 1. Ventriculogram of a five vear old Negro male 
shows characteristic posterior and upward dis- 
placement of the aqueduct and the fourth ventricle 
(verified by operative exploration). 


patients who were explored, a biopsy was 
possible in only 5. 

Many patients seen during the first dec- 
ade of this study did not have ventricu- 
lography. This procedure has been a stand- 
ard part of the diagnostic workup since the 
late 1940's. Fourteen patients had either 
no air study or one which was considered 
nondiagnostic. Each of these patients had 
sufficiently. characteristic clinical. findings 
to justify their inclusion, however (Table 
III). 

Pathologic findings at autopsy revealed 
2 cases of glioblastoma multiforme, 2 spon- 
gioblastoma and one unclassified glioma. 
Biopsy was performed in 2 of 8 
brought to and revealed one 
oligodendroglioma and one glioblastoma 
multiforme. 


cases 
surgery 


Taste III 


MEANS BY WHICH DIAGNOSIS WAS ESTABLISHED 
IN 42 CASES OF PONTINE GLIOMA 


No. of Patients 


Ventriculography 18 (3 confirmed at 


operation) 
Operation 5 
Autopsy 5 
Clinical findings only I4 
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Tasie IV 


SURVIVAL TIMES OF 5O PATIENTS RECEIVING ROENTGEN THERAPY FOR PONTINE GLIOMA 




















Tumor Dose Patients 0-3 mo. | 

dead 1 ` 
3,000-4,000 r 12 i 

living | 1 

dead 2 1 
2,000-3,000 r 12 ~ 

living | 2 
less than | dead 3 1 
2,000 r 1 6 — 

| living 


ROENTGEN THERAPY 
Thirty of the 42 cases received at least 


one course of radiation therapy. All of 


these were treated with orthovoltage roent- 
gen rays (200-240 kv. peak), with quality 
varying from 1.1 mm. Cu half value layer 
to 3.3 mm. Cu half value layer. 

In general, three ports were used: two 
lateral opposing and a single posterior 
(occipital) port. Fields 6X8 cm. rectangu- 
lar or 7 cm. diameter circular were com- 
monly employed. 

The estimated tumor dose ranged from 
1,000 r in two weeks to 4,000 r in four 
weeks. Most patients treated prior to 1950 
received 2,500 r or less in two to three 
weeks. During the past decade a 3,000 
4,000 r tumor dose in three to four weeks 
has been more commonly administered. 
The survival times of the 30 treated pa- 
tients, who were divided into three groups 
according to the estimated tumor dose, are 
shown in Table iv. 

Although the majoritv of patients died 
during the first year following treatment, 4 
of 8 living beyond one year have survived 
five years or more (60, 62, 75 and 117 
months; all living and well at the time of 
last examination). Review of these 4 cases 
reveals no obvious discrepancies from the 
typical findings in pontine gliomas. Two 
diagnoses were confirmed at operation 
(grossly, no biopsies taken), while the other 














2yr 2-2 vr. i-$ yr 2 
^4 ^4 ye et more 
2 1 i i 
2 | | | 
i 2 i i 2 
|- H » - Ec 





2 were established by ventriculography. 
The patient living and well 62 months after 
treatment had papilledema and separated 
sutures at the time of diagnosis, but had a 
characteristic air study (along with ven- 
tricular dilatation) as well as typical clin- 
ical features. The nearly norma! lives which 
these 4 patients have enjoved following 
therapy is worth emphasizing. The 3 
children in the group were reported to be 
doing well in school, and the forty-one year 
old patient was leading a preductive life 
when last seen. 

The wide range of survival times among 
similarly treated patients raises the ques- 
tion of the influence of histologic types on 
prognosis. Ten of Buckley’s® 25 cases of 
histologically verified tumors were classified 
as glioblastoma multiforme and had an 
average duration from onset of symptoms 
to death of only four months, Fourteen 
gliomas were slower growing and classified 
as protoplasmic or fibrillary astrocytoma or 
as spongioblastoma unipolare with an aver- 
age survival of two years. Of the 7 cases 
with pathologic verification in our series, 
both the glioblastoma multiforme and the 
spongioblastoma groups lived less than two 
months after diagnosis. The single case of 
oligodendroglioma was living with no evi- 
dence of recurrence twenty-six months 
after receiving 3,500 r tumor dose in a five 
week treatment period. 










Ver. 9€, Now 4 
Tase V 
CLENICAL RESPONSE OF 30 CASES OF PONTINE 
No. of 
Patients 
Considerable 12 
Moderate 8 
Slight or none He 
Ams increase in survival time would 


mean little if not accompanied by remis- 
sien ef symptoms. Many patients re- 
sponded to a marked degree with an essen- 
tially symptom-free interval after therapy 
(Table v). The degree of response relative 
to dosage is shown in Table vi. 

Reporting definite improvement in 24 of 
37 irradiated cases, Bray e£ alô concluded 
that, “the repeated experience of having 
incuced a clear-cut remission of neurologic 
symptems and signs for a short period of 
time ceserves emphasis." Ingraham and 
Matsoa® likewise felt that radiation ther- 
apy was of value in producing decided, 
though temporary, remissions. 

Of 12 patients who received no roentgen 
therapz, 3 were lost to follow-up and the 
remaining 9 were dead within two months 
after diagnosis. These cases cannot serve as 
a control series, however, as most were 
not treated because they were considered 
terminal when first diagnosed. 





DISCUSSION 
The above data suggest that a tumor 
dose of less than 3,000 r, and certainly one 
Taste VI 


CLINICAL RESPONSE OF 30 CASES OF PONTINE GLIOMA 
AS RELATED TO THE TUMOR DOSE 








Improvement following Therapy 





ad 


Dose | ~ | ee 
| Con- | Moder- | Slight or 
| siderable | ate | none 
Rois ur ac ceu urs LA ron Ns v ess 
eee : i 6 | 
3,90074,CoO r | ) 3 | 3 
2,000-3,COO T | 5 3 i 4 
less than | 
f 2 | 


2,900 r 1 
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less than 2,000 r, is below the optimal 
range. It has been evident from reports in 
recent vears that an upper limit to the de- 
sirable dose range also exists. Boden? re- 
ported 7 patients with various head lesions 
who developed brainstem damage some 
months after radiation therapy which in- 
cluded the brainstem in the treatment 
volume. He felt a reasonable tolerance dose 
to the brainstem to be 4,500 r in seventeen 
davs (or £,000 r in thirty days) for a small 
volume. For a large volume the dose would 
be 3,500 r in seventeen davs (or 4,000 r in 
thirty days). 

Arnold, Bailey and Harvey! reported 2 
patients irradiated for brainstem gliomas 
with tumor doses of 4,500 r in thirty days 
(400 kv. radiation) in whom radionecrosis 
of the brainstem appeared after an interval 
of one vear or more. They felt that 3,000 r 
in four weeks should inhibit tumor growth 
and not give rise to delaved radionecrosis. 
Ingraham and Matson? used a tumor dose 
of 3,000 r (treatment time not specified). 
Brav eż al? felt 4,000 r in twenty-eight days 
to be a desirable level. With orthovoltage 
(200-240 kv. peak) roentgen rays we have 
delivered 3,500-4,000 r tumor dose in four 
weeks with no known instances of radio- 
necrosis. 

In recent months we have been using 
higher energv radiation sources such as co- 
balt 60. The well known skin-sparing and 
decreased bone absorption etfects as well as 
increased depth dose may prove advantage- 
ous in the treatment of these tumors. Be- 
cause of the evidence of better results with 
higher tumor doses, 4,500-6,000 r has been 
delivered with increased protraction and 
fractionation to avoid radionecrosis. 

Attention must be given to the use of 
sufficiently large fields. The irradiated 
volume should be generous as many of these 
tumors extend considerably beyond the 
pons proper. Buckley? found extrapontine 
extension in 21 of 25 autopsied cases of 
pontine glioma. 

Bouchard,‘ while emphasizing the supe- 
rioritv of a single continuous protracted 
course of treatment, occasionally re-treats a 
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patient with reactivation if a period of six 
months has elapsed since the initial treat- 
ment and if a good response was previously 
obtained. Bray e£ al. found re-treatment to 
be valueless if there was no response to the 
initial therapy. Of 7 re-treated patients in 
our series, 4 showed improvement (usually 
less than that following the initial treat- 
ment). 

Bouchard‘ feels that most brainstem 
tumors are radiosensitive to varying de- 
grees, although their curability is low, per- 
haps more because of the vital site of the 
tumor than because of histologic type. 
While pontine gliomas may not be radio- 
curable because of their strategic location 
and the radiovulnerability of the brain- 
stem, radiation therapy nonetheless plays 
an important role in the management of 
these tumors. 


CONCLUSIONS 


1. Pontine gliomas are most common in 
childhood and are characterized by multi- 
ple cranial nerve and pyramidal tract in- 
volvement. 

2. The clinical course is usually rapidly 
progressive, and the majority of patients 
survive less than one year after diagnosis. 

3. Four of 3o patients treated with roent- 
gen therapy survived five years or longer 
and enjoyed useful active lives. 

4. Twenty of 30 treated patients showed 
definite improvement following roentgen 
therapy. 

5. It is suggested that 4,000 r in four 
weeks is a desirable tumor dose, using con- 
ventional radiation. Below this level re- 
sponse is less frequent and less marked. 

6. Higher energy radiation sources such 
as cobalt 6o along with higher tumor doses 
(using greater protraction and fractiona- 


James S. Redmond, Jr. 


Ocroser, 1961 


tion) give promise of improved results. 
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A SIMPLE PITUITARY LOCALIZER FOR 
RADIATION THERAPY* 


By JAZOB L FABRIKANT, M.D.,t THOMAS B. COCKEY, M.D., and PAUL N. GOODWIN, Pu.D. 


BALTIMORE, MARYLAND 


It ]S desirable, in conventional ortho- 
voltage therapy, to use multiple ports 
for the treatment of pituitary adenomas to 
permit delivery of a satisfactory tumor dose 
withoit severly compromising the hair, 
skin, and underlying tissues in the path of 
ary ene port. This report describes a 
simpl» designed pituitary localizer (Fig. 1) 
which enables the therapist properly to 
applv multiple wax seatings to a head cast 
in suca a way that the central ray through 
each seating will pass through the sella 
turcica. 

The localizer consists of two aluminum 
rods joined as a T-bar in the center of one, 
formirg a movable angle rule which may 
be immobilized with a wing nut. The hori- 
zontal bar is calibrated in centimeters from 
the center and extends to 9 cm. to each 
side. Screw-locking rings aid to center the 
wing aut in the head cast and lock the 
horizoatal bar in position. The vertical bar 
is cali»rated in centimeters from the wing 
nut amd is marked from 6 to 15 cm. An 
alumirum disk, 6 cm. in diameter, slides 
perperdicularly onto the vertical rod. A 
waxed disk of pliable cardboard is placed 
between the aluminum disk and the wing 
nut. The localizer is readily dismantled into 
its component parts. 

The position of the sella turcica is located 
roentgz2nographically by adjusting the head 
in a true lateral position and directing the 
centra ray horizontally through a point 2 
cm arterior to and 2 cm. above the ex- 
ternal acoustic meatus. A § cm. cone will 
include a generous area surrounding the 
selia turcica on the port roentgenogram. 

"When the lateral position of the sella 
turcice is ascertained, the point of the 
central ray on either side of the head is 


Fic. 1. Pituitary localizer. 


marked. The head cast is then constructed, 
bringing the plaster of paris somewhat be- 
low the marks (Fig. 2). Three additional 
ports are marked on the outside of the case 
and cut out with a 2 inch circle cutter. The 
horizontal rod of the localizer is passed 
through small side holes, and the wing nut 
is positioned in the center of the cast bv 
the screw-locking rings. The vertical rod is 
passed through the open ports and joined 
to its mate with the washer and wing nut. 
Warm wax seatings are placed into the open 
ports (backed by the waxed cardboard) and 
pressed perpendicular to the vertical rod 
with the sliding lubricated aluminum disk. 
When the wax seatings are sufficiently 
hardened, the localizer is dismantled and 
removed. 

A closed ; cm. cone applicator is used 
during therapy. Its end is brought to the 
wax seatings and positioned perpendicular 
to the wax surface. The central ray will 
now replace the position of the vertical bar 
and will pass through the sella turcica (posi- 
tion of the wing nut), no matter at which 
position the port was previously marked on 


* l'rom the Department of Radiotherapy, The Johns Hopkins Hospital, Baltimore Maryland. 
T Tame- Picker Foundation Advanced Fellow in Academic Radiology. 
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Fic. 2. Position of pituitary localizer in 
plaster head cast. 


the'surface of the cast. This has been 
verified with port localization roentgeno- 
grams. 

Because the position of the wing nut 
represents the point at which a predeter- 
mined number of ports will intersect within 
the head, it is therefore possible to use the 
localizer for lesions which are not neces- 
sarily in the median plane. This mav be ac- 


Cockey and Paul N. Goodwin Ocroner, i 
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Vic. 3. Isodose distribution utilizing five 5 cm. fiel 
250 kvp. deep roentgen-ray therapy unit. 


complished by placing the wing nut in tl 
general position of the lesion and shiftii 
the screw-locking rings to secure the loc: 
izer in the desired position. The subseque: 
steps to design the head cast and wax sea 
ings remain the same. 


SUMMARY 


1. A simple and reliable pituitary loc: 
izer for radiation therapy is described. 

2. It is used to position multiple por 
for treatment of the pituitary gland wh 
a head cast technique is emploved. 

3. It may be modified to permit directic 
of the central beam to anv small volun 
within the cranial vault. 

Department of Physics 
The Institute of Cancer 
t Research: Royal Cancer Hospital 
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CONTRAST EXAMINATION OF LARYNX 
AND PHARYNX* 
CCURACY AND VALUE IN DIAGNOSIS 


£y WILLIAM E. 
BRUCE L. 


F THE treatment of laryngeal or laryn- 
gcpharvngeal cancer required total 
ctomy regardless of location, size 
or extent of the tumor, accurate preopera- 
tive appraisal of these tumors would be un- 
necessary. However, with the advent of 
surgical and radiation therapy procedures 
by use of which laryngeal function can be 
preserved in cases of glottic or selected 
suprcglottic and hypopharyngeal tumors, 
such evaluation becomes mandatory. 

A rccentgenographic examination proves 
to be worthwhile only if it can produce con- 
sistert and valuable diagnostic informa- 
tion. By contrast roentgenography of the 
larynx and hypopharynx, tumor masses of 
these structures can be accurately defined 
as to location, size and extent. Functional 
impa rment of these structures can be 
demenstrated. The method is direct, sim- 
ple, accurate and safe. It can be performed 
with s mple equipment, gives little radia- 
tion tc the patient and examiner, and takes 
no mese time than a gastrointestinal series. 
No oter method of roentgen examination 
of this region has been shown to be equally 
accura:e. 

Laryngography is not a screening pro- 
cedure but supplements the otolaryngolo- 
gist's examination and biopsy. It 1s more 
direct and more explicit than laminagraphy 
or ccrabined laminagraphy and barium 
swallow studies. No cine-equipment is re- 
quired to perf form a physiologic examina- 
tion. 

Since radiation therapy is the treatment 
of chee in mobile glottic lesions, a true 
estimase of mobilitv and subglottic extent 
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can be graphically recorded by laryngog- 
raphy and glottic lesions car be properly 
staged. It is also possible by these records 
to show response of the tumor to irradiation 
and the functional result after therapy (Fig. 


1, and B). 


TECHNIQUE 

The procedure is essentially the same as 
reported by Powers, McGee and Seaman.° 
The patient is prep pared with nembutal and 
atropine, A topical anesthet c is sprayed 
into the pharynx and dropped into the 
larynx. If the patient is in the hospital, 10 
per cent cocaine is used; otherwise 1 per 
cent pontocaine is applied. Ten to twenty 
cubic centimeters of oily dionosil are 
dropped slowly over the tengue during 
quite inspiration. Frontal anc lateral spot 
roentgenograms are made during nasal in- 
spiration, phonation, modified Valsalva and 
true Valsalva maneuvers. The examination 
is made before biopsy is done s» that edema 
will not falsely distort the aratomy. 

This procedure is not accompanied by 
any morbidity; rarely, apprehension of the 
patient prevents the examination from be- 
ing performed. All of the laryax and hypo- 
pharynx can be visualized at one time in 
one examination. It is direct zs opposed to 
laminagraphy where faulty technique and 
lack of air contrast may resul: in errors in 
interpretation. The method is superior to a 
barium swallow examination for the hypo- 
pharyngeal region where the fleeting pas- 
sage of the barium bolus is im contrast to 
the persistence of opacification in laryngo- 
grams. Since spot roentgenograms are taken 


She Edward Mallinckrodt Institute of Radiology, and the Departments of Otolaryngology} and Surgical Pathology, $ Wash- 
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lic. 


) Initial laryngogram revealing a large tumor cf the anterior wall of the pyriform sinus. (B) L aryngo- 


gram ae years after therapy demonstrating the response to irradiation with disappearance of the tumor. 


at the Mamu excursion of the different 
maneuvers, this is a definite functional ex- 
amination eres in our study the quality of 


the laryngograms proved superior to that of 


cineroentgenographic studies. 


NORMAL ROENTGEN ANATOMY 


All of the structures of the larynx and 
pharynx are outlined by contrast medium 
and air. The normal roentgen anatomy has 
been carefully described in the original 
article but several points should be re- 
Der (1) in nasal inspiration the 
cords are retracted and usually not seen 
(Fig. 2); (3 the true and false cords and 
vestibule are symmetric (Fig. 3); (3) the 
angles of the true cord that subtend with 
the trachea in the frontal and lateral pro- 
jections are sharp, approaching a right 
angle; (4) during Valsalva maneuver, air 
and contrast medium are forced against the 
undersurface of the true cords, thus ac- 
curately defining the beginning cf the in- 
fraglottic space and any masses chat may 


be present there (Fig. 4); and (5) the lateral 
wall of the pyriform sinus may be slightly 
asymmetric, the medial wall usually is not. 
Lack of change of the pyriform sinus in 
the different maneuvers indicates infiltra- 
tion. 


CLASSIFICATION 
NIFICANCE OF 
OF THE 


AND PATHOLOGIC 
LOCATION AND SIZE 
PRIMARY LESION 


SIG- 


Classification of laryngeal lesions differs 
in various sections of the country and over 
the world. Recently, McGavran, Bauer and 
Ogura! have reviewed the specimens of 
laryngeal cancers of cases where en bloc 
total or supraglottic subtotal larvngectomy 
with incontinuity neck dissection was per- 
formed between 1950 and 
with prior radiation treatment 
surgical intervention has been included. 
The proposed classification (Fig. 5) based 
on pathologic data is: (1) glottic—cancers 
limited to the true cord; (2) infraglottic 
cancers of the subglottis and glottis; (3) 


1959. No case 


or other 





IG. 2. Larengogram and tracing showing that the true cords (A) and false cords (C) 


true corcs almost obliterating the ventricle (B). 


posterior portion of which lies laterally. 
(Reproduced by permission from Radiology.) 


ipraglottic—cancers involving the false 
rd, fixe 1 or free portions of the laryngeal 
irface of the epiglottis; and (4) transglot- 
c—cancers that cross the ventricle thus 
ivolving two er more of the above 
‘he rare ventricular tumors are included in 
ls grouo, 


sites. 


This classification is based on areas of 


ivolvem nt and does not include the hypo- 
vetical extrapelation from size and loca- 
on as to the point of origin. It is based on 
‘here tumor is rather than a supposition 
s to whee it began. The glottic, infr oa 
c and supraglottic types are similar i 
efinition to that used by Pietrantoni Es 
ior. The value of this classification is the 
ict that. esions are separated according to 
1e two m ajor divisions of lymphatic drain- 
ge. 

Of 96 patients studied, it was noted that: 
1) there was a progressive increzse in 


Examination of Larynx and Pharvnx 


The pyriform sinus is seen (E 


are retracted with the 


A thin line of contrast material outlines the ventricle, the 


). (Nasal inspiration—f-ontal view.) 


metastatic incidence from glotzic to in- 
fraglottic, to supraglottic to transglottic 
lesions—o, 19, 33 and 52 per cent, respec- 
tivelv. The metastatic rate of -he trans- 
glottic group represents the addition of the 
infraglottic and supraglottic lymphatics, 
confirming the expected results derived 
from theoretic considerations of the lym- 
phatic drainage of the larynx (Tz ble 1); (2 
the transglottic group yielded a higher inci- 
dence of both clinically apparent and inap- 
parent metastases. The rate for inapparent 
metastases for the infraglottic grcup was 22 
per cent, the supraglottic group 4 per cent 
and the transglottic group 31 per cent 
Table 11); (3) supraglottic and imfraglottic 
cancers larger than 2 cm. and of moderate 
or poor differentiation also presented with 
a high incidence of metastases (15/30) 
l'able i). Cancers of any size that were 
well differentiated in these two locations, or 
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Fic. 3. Laryngogram and tracing showing that the truc cords (A), the false cords (C) and vestibule (D) ar 
symmetric. The angle between the true cord and the trachea (infraglottic space—F) is sharp, approachin 
a right angle. The pyriform sinus (E) has changed in shape from that seen on the inspiration laryng: 
gram. B represents the ventricle. (Phonation frontal view.) (Reproduced by permission from Radiology 





F:c. 4. Laryngogram and tracing showing air and contrast medium force against the inferior margins of th 
closed cords (A), which are now in the horizontal position thus accurately defining the infraglottic spac 
(F). (Valsalva maneuver—lateral view.) (Reproduced by permission from Radiology.) 
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Vio. g. Diagram showing the classification of laryngeal tumors. (Reproduced 
by permission from The Laryngoscope.) 


those of 2 em. or less and moderately or 
poorly differentiated, provided a low inci- 
dence o£ metastases to the neck (2/20); (4) 
of 23 gatienzs with supraglottic or trans- 
glottic lesioas shown to have cervical 
lymph mode metastases, 48 per cent had 
proved positive lymph nodes in the contra- 
lateral side of the neck on follow-up surgery. 

Thus, cases of laryngeal cancer can be 
separatsd into groups of high and low 
metastetic incidence rates by using pre- 
operative information about the site, size 
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METASTATIC INCEDENCE IN 96 CASES OF LARYNGEAL 
CANCER "REATZD BY EN BLOC LARYNGECTOMY AND 
RADICAL NECK DISSECTION AND ITS RELATION- 
SHIO TO THE SITE OF LESION 
(MeGavran e£ al’) 


Cases with " 






' No. of ey Per 
Site 3 Positive 5 
Cases : Cent 
Lymph Nodes 
Glottic 5 o o 
Infraglotzic 23 Š 19 
Supraglo 39 13 a3 
Total fa qt 18 
25 i^ E 
96 31 32 





= (6) 0.02. 


and biopsy differentiation of the primary 
lesion and clinical evaluation of the cervical 
lymph nodes. 
METHOD OF STUDY 

Since this study was designed to appraise 
the diagnostic accuracy of lar-ngography, 
it was necessary to document the clinical, 
roentgenographic and pathologic data sep- 
aratelv. This was done on 9g consecutive 
patients from 1957-1959 who had laryngog- 
raphies and subsequent surgery, with sur- 
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METASTATIC INCIDENCE IN 68 CASES @F LARYNGEAL 
CANCER TREATED BY EN BLOC LARYNGECTOMY AND 
ELECTIVE NECK DISSECTION AND RELATION- 
SHIP TO THE SITE OF THE LESION 
(MeGavran ef aZ?) 








P : Cases witl 
T No. of xe ^5 Per 
Site x Postive = 
Cases x13 GENE 
Lymph Nodes 
Glottic 4 o o 
Infraglottic 23 5 22 
Supraglottic 25 1 4 
Total (a) 52 6 
Transglottic (b) 16 5 3I 
AH Sites 68 lI 16 


2= 3,5; p (a) = (b} 0.06, 
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Taste III 


SIZE AND CELLULAR DIFFERENTIATION OF THE RE- 
SECTED SPECIMEN AND METASTATIC INCIDENCE IN 
96 CASES OF LARYNGEAL CARCINOMA TREATED 
BY EN BLOC LARYNGECTOMY AND 
RADICAL NECK DISSECTION 


(McGavran et a/.*) 








No. No. of 
of Cases with 
Cases Metastases (a = C 





Size 
2 cm. or less (a) 29 4 (1490) 6.5 «0.02 
Larger than 
2 cm. (b) 6; 27 (40%) 
Differentiation 
Well 9 I (11%) 
Moderate 46 10(22%) 
Total (a) 55 II 
Poor (b) 41 20 (4990) 8.9 «o.ot 





gical specimens available for comparison. 
Six of 13 patients with glottic lesions had 
hemilaryngectomies and the remainder had 
total or subtotal laryngectomies, all with 
en bloc neck dissection. 

The laryngograms were reviewed by the 
radiologists without regard to previous 
interpretation and classification or knowl- 
edge of clinical data. Noted were: (1) thesites 
of the lesions (1. glottic; 2. infraglottic; 3. 
supraglottic; 4. transglottic; and 5. pyri- 
form sinus); (11) the area of involvement (1. 
the size; 2. the structures involved; 3. 
whether adjacent structures were invaded 
or free; 4. the superior-inferior extent of the 
tumor; §. the mobility of the cords; 6. 
involvement of the anterior commissure 
and across the midline; and 7. involvement 
of the pyriform sinus, the aryepiglottic 
fold and the base of the tongue). The cases 
were then placed into the various classifica- 
tions. Comments were made as to whether 
radical excision in supraglottic or pyriform 
sinus lesions was necessary or whether a 
"conservation of function" operation could 
be performed (supraglottic subtotal or 
transhyoid partial laryngopharyngectomy). 

The clinical and direct laryngoscopic 
observations were then recorded from the 
hospital records on a master sheet. These 
findings represented the combined notes of 
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the residents and the attending surgeon and 
the same criteria for accuracy and error 
were used as for the evaluation of the 
laryngograms. Accuracy was verified by 
correlating the findings with the gross 
surgical specimens and photographs. Errors 
were listed whenever the laryngographic 
interpretations resulted in an erroneous 
classification. 


RESULTS 


During the 1957-1959 study period, 
seven laryngograms made of laryngeal can- 
cer patients were discarded for the follow- 
ing reasons: poor coating, 2 cases; poor 
quality or insufficient views, 2 cases; edema 
and distortion as a result of irradiation, 2 
cases; and insufficient coating and poor air- 
way in a tracheotomized patient. Four 
laryngograms could not be located. It was 
impossible to obtain laryngograms on 2 pa- 
tients because of uncooperativeness. Laryn- 
gograms of 25 other patients were not in- 
cluded since irradiation was the treatment 
of choice, and therefore no specimen was 
available for examination. Ten cases had 
far-advanced cancer and surgery was not 
considered. Twenty patients with laryngeal 
cancers underwent surgery without laryn- 
gography. In 3 patients laryngograms were 
made but neither surgery nor roentgen-ray 
therapy was undertaken. Thus the total 
number of cases excluded was 71. 

The remaining 99 cases of a total of 170 
cases of all forms of laryngeal cancer ob- 
served during this three year period had a 
satisfactory evaluation and were used for 
the present study. 

The accuracy of laryngography proved 
to be high (Table 1v), 92 per cent as con- 
trasted to 78 per cent using conventional 
clinical appraisal. The majority of errors 
occurred in the infraglottic group. This 
was due to an enlarged true cord and in- 
fraglottic mass (which was fixed most of 
the time) impressing and almost obliterat- 
ing the ventricle. Because of the incorrect 
interpretation of false cord involvement, 
these cases were classified as transglottic 
lesions. In only 1 case was infraglottic ex- 
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Clinical Exami- 











Confirmative 


Site Diagnosis nation and Direct — Laryngography Surgical 
Pathology 

Glottic Correct 12 13 
Incorrect ! 

Infraglotzic Correct 9 14 
Incorrect 7 5 

Supraglortic Correct 22 28 29 
Incorrect 7 1 

Transghortic Correct 10 16 16 
Incorrect 6 o 

Pyr:formy Sinus Correct 16 26 27 
Incorrect i j 

Total Correct TT bt 9150; 
Incorrect 331^ 7^6 ae 99 


tension missed on the laryngograra. With 
continued refinement in technique, it should 
be poss ble to decrease the error caused by 
the mismterpretation. Other errors of inter- 
pretaticn were extremely low and are to be 
expected], 

Clinieal classification in certain cases of 
laryngeal and pharyngeal lesions is dif- 
ficult. Bulky supraglottic tumors are air- 
wav prcblems and the precise lower margins 
cannot be determined accurately. In this 
group, sreedom of involvement of the true 
cord cam be seen on laryngograms since the 
lower margins of the neoplasm are defined. 
Bulky tumors of the false cords that over- 
hang the true cord can also be precisely 
visualized on larvngograms. Clinically, 
such tumors are often mistakenly con- 
sidered to involve the true cord. Tumor 
crossing the midline was correctly evaluated 
by larvngography in every case in the 
supragicttic, infraglottic and transglottic 
lesions. There was a high accuracy index 
for pyrztorm sinus lesions both from the 
clinical and roentgenographic standpoints. 

By laryngography the size of the tumor 
can be determined for all sites within a mean 
variation from 2.3-0.6 cm. depending upon 
the tumor site (Table v), and frequently 
the actual tumor size can be correlated with 
the larengogram. This is impossible by 
laryngoscopy. The size of tumor, degree of 





differentiation and location of the lesion 
have a direct relationship to metastatic 
spread. 

Laryngography was not desizned for the 
appraisal of lesions in the post-cricoid 
region, and here a barium swallow studv be- 
comes necessary. The determination of an- 
terior commissure involvement also is 
dificult by contrast roentgenography, al- 
though suggestive signs may be present. 


DISCUSSION 


Since 1950 operative procedures less 
radical than a total laryngectomy have been 
performed on selected cases at this institu- 
tion? (Fig. 6 and 7). These preserve the 
cords but are combined with a radical 
cervical lymph node dissection. The pa- 
tients have no significant speech disturb- 
ance, and are able to swallow without as- 


TaBLe V 


ACTUAL SIZE OF PRIMARY LESION 
AND LARYNGOGRAPHIC VARIATION 





Actual Laryngographic 


ate Size Variation 
Glottic 
Infraglottic 1.32.6 cm. *o.3 cm. 
Supraglottic [.0-5.0 cm. to.6 cm. 
Transglottic 1.8-5.0 cm +o.4 cm. 
Pyriform Sinus 1.0-6.0 cm. 


to.6cm. 





Vic. €. Drawing showing subtotal supraglottic laryn- 
gectomy. The structures enclosed within the inter- 
rupted lines are removed, leaving the true cords 
intact. (Reproduced by permission from The 
Laryngoscope.) 
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piration (Fig. 8, 4, B and C)? A one to six 
year follow-up on these selected cases has 
shown good results. 

The accuracy of the radiologists in clas- 
sifving supraglottic lesions was high. Out 
of 17 cases having supraglottic operation, 
12 were noted as having wide surgical mar- 
gins of safety. Examination of the surgical 
specimens verified this. In 5 cases, where the 
tumor was in the false cord area, the diag- 
noses and the extent of the sarety margin as 
evaluated by laryngography correlated well 
with the findings at surgery. In 6 out of 12 
cases in which laryngectomy and neck dis- 
section was performed, larvngograms showed 
that a supraglottic subtotal operation could 
have been done. Examination of the surgi- 
cal specimen confirmed this. The clinical 
preoperative appraisal was that "there was 
insufficient margin of safety.” 

The lymph node metastatic spread is 
quite dependent upon the location and ex- 
tent of the primary lesion, its size and 
degree of differentiation. The time may 
come when prophylatic neck dissections are 
abandoned on patients with supraglottic 
carcinoma, where the metastatic rate of 
clinically inapparent lymph nodes is low 





Fic 7. Drawing showing a partial pharyngectomy, by which the tumor on the lateral wall of the pyriform 
sinus is removed and function is preserved. (Reproduced by permission from The Laryngoscope.) 
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16. 8. Pestoperative barium swallow studies. (4) A plain roentgenogram showing that the epiglottis is 
absent. B and C) Studies showing the stages in swallowing. The barium has entered the vestibule but the 


cords remain closed, protecting the trachea. 


and the patients might be better treated 
by adequate irradiation. With improved 
methods of selection of patients and better 


defined treatment factors, conservation of 


function falls within the scope of radia- 
tion therapy. 

Clinical estimation of the extent of can- 
cer invclving the infraglottic and trans- 
glottic groups has been frequently in error. 
This is because the fixation of the cord 
masks the size of the tumor. Size and extent 
of subglottic involvement are difficult to 
appraise even with a mobile or partially 
paretic cord. In the transglottic group, tu- 
mors that involve and fix the false and true 
cords frequently obscure a large infraglottic 
extension. In addition, the base of the 
epiglotti. is sometimes overlooked. In all 
of these situations, larvngograms have 
proved their value by precisely localizing 


and sharply delineating the lower extent of 


the tumor. At this institution, radiation 
therapy s considered the method of choice 
for patients with glottic cancer and mobile 
cords, w th a resultant five year cure rate 


approaching go per cent. Involvement of 


the false cord and infraglottic space in- 


creases the incidence of lymph node me- 
tastases and these factors plus fixation of 
the cord alter the prognosis. It is felt that 
radiation therapy should be considered in 
cases of glottic lesions with a fixed cord or 
with infraglottic extension; however, the 
present trend of treatment for these lesions 
has been surgical. Laminagraphy, in our 
experience, has correlated poorly with the 
findings at surgery. By laryngography a 
baseline for future follow-up examinations 
can be established from which the response 
of the tumor to irradiation cam be ascer- 
tained. 


SUMMARY AND CONCLUSIONS 


t. Laryngography, while not a screening 
procedure, has proved to be an accurate 
diagnostic technique in lesions of the larynx 
and pharynx. 

2. Laryngography is a physiologic ex- 
amination capable of recording variations 
objectively. 

3. The entire anatomy of the larynx and 
hypopharynx can be recorded simultane- 
ously. 
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4. It is a safe, simple, direct, rapid and 
accurate procedure. 

5. By laryngography the size and loca- 
tion of the lesion can be determined more 
accurately than by clinical evaluation. 

6. An analysis of data obtained from a 
study of total or subtotal laryngectomies 
with routine en bloc neck dissection has 
given us very valuable information as to 
certain characteristics of the primary lesion. 

7. The size of the tumor, degree of dif- 
ferentiation and the location have a rela- 
tionship to clinically apparent and inap- 
parent cervical metastatic spread. 

8. An accurate clinical classification of 
cancer of the larynx is necessary since the 
choice of therapy is governed by the prob- 
ability or location of metastases. 

g. A.pathologic classification based on 
the location of the primary lesion is sug- 
gested for laryngoscopic and clinical use. 
Since the proposed classification indicates 
that there is a progressive increase 1n 
metastatic rate from glottic to infraglottic, 
to supraglottic, to transglottic cancers, the 
type of treatment to be administered can 
be determined. 

10. The indications will be based on: (a) 
conservation of function by radiation ther- 
apy for early lesions of the cord; (b) larynx- 
sparing therapy for selected cases of supra- 
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glottic or pyriform sinus lesions; or (c) 
more radicaloperations (totallaryngectomy 
to include neck dissection) when the inap- 
parent metastatic rate is high. 

II. Laryngograms can demonstrate 
graphically the response of lesions to irradi- 
ation and is an accurate documentary 
method of following patients after therapy. 


William E. Powers, M.D. 
Washington University School of Medicine 
St. Louis, Missouri 
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LARYNGEAL PATHOLOGY ON THE CONVENTIONAL 
ROENTGENOGRAM OF THE CHEST* 


DIAGNOSTIC AND PROGNOSTIC 


SIGNIFICANCE 


By SOL M. UNGER, M.D., and BERNARD ROSWIT, M.D, 
BRONX, NEW YORK 


[5-5 THE interpretation of routine chest 
roentgenograms, careful scrutinv of the 
air coaimn overlying the cervical spine can 
prove to be a truly rewarding effort. The 
radiclogist may be the first to recognize 
early carcinoma of the laryngopharynx or 
trachea as well as vocal cord paralysis 
seconcary to recurrent laryngeal nerve in- 
volveraent. 

Earier detection of carcinomas of the 


laryngopharynx, prior to the appearance of 


gross clinical symptomatology, can provide 
a grecter probability for cure by surgery 
and/or radiation. The radiologist's early 
roentgenographic report of laryngeal nerve 
paralysis is the basis for further investiga- 
tive studies to determine the etiologic fac- 
tor. À:tention is thus promptly directed to 
prima-y or secondary malignant disease in 
the neck, thorax or elsewhere. In such in- 
stances, the roentgen findings may become 
of paramount importance in planning ap- 
propriate clinical management of the pa- 
tient. 

In astudv of paralvzed vocal cords which 
we recently completed,” it became appar- 
ent that the roentgen evidence was fre- 
quently overlooked by the radiologist 
during roentgenographic and fluoroscopic 
examirations not specifically related to the 
larynx —such as studies of the cervical 
spine end ribs, esophagus and chest, both 
convertional and laminagraphic. In many 
of these instances, the attending physician 
eatirely unaware of the laryngeal 
patholegv. In our department today, pa- 
tients zre promptly summoned for indirect 
mirror examination of the larynx as soon as 
abnormalities of the cervical air column are 
recogn-zed on routine roentgenologic ex- 
aminateons. 








Was 


* Fron 


the Radiology Service af the Veterans Administration Hospital, 


In the interpretation of the visualized 
larvnx on routine roentger study, the 
radiologist must first determine whether 
the exposure was made during inspiration 
or expiration. The roentgen cppearance of 
the larynx or glottis differs greatly in these 
two phases. In our recent communication,” 
we have described in detail these findings 
during laminagraphic examimation of the 
vocal cords. It is striking how well these can 
be visualized on the conveational chest 
roentgenogram. 

[n inspiration (Fig. 1, a and 4) the glottic 
aperture is wide, with no visualization of 
the ventricles; in expiration, the glottis is 
reduced to a narrow slit, as in phonation, 
and the ventricles are filled with air (Fig. 1, 

and d). Usually, when the roentgeno- 
graphic exposure is to be mada, the subject 
is told to take a deep breath and hold it; or 
to take a breath, let it out anc then hold it. 
If the exposure is made during any part of 
inspiration, the roentgenograr will show a 
wide glottis (Fig. 1, a and 2). 1f the patient 
is at the termination of the inspiratory 
phase or at the beginning of expiration, is 
will suddenly stop his breataing and, 
addition, mav bear down sligatly, t ARE 
carrving out a modified Valsalva maneuver 
and the roentgenogram will show the vesti- 
bule, ventricles, glottis and trachea (Fig. 1 
c and d). 

Among the following illus-rative cases 
there are 2 patients with carc noma of the 
right vocal cord and 3 patients with para- 
lvzed vocal cords due to recurrent laryngeal 
nerve involvement by metastatic medi- 
astinal disease. E 


REPORT OF CASES 


Case r. A sixty-seven vear okl white male 
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Fic. 1. (a and 4) In inspiration. (c and d) In expiration. Normal anatomy of the 
laryngopharynx during the respiratory phases. 


was admitted because of hoarseness. The admis- 
sion chest roentgenogram (Fig. 24) showed 
marked asymmetry of the glottis and a fixed 
right vocal cord was suspected. The air column 
is shown in Figure 24 in the marked zone. The 
roentgenogram was taken in inspiration and the 
fixed right vocal cord is very apparent. Direct 


laryngoscopy showed a fixed right vocal cord 
which was completely covered with an exophy- 
tic granular mass which involved the right 
ventricle and extended to the anterior commis- 
sure and the left vocal cord as well. The total 
laryngectomy specimen (Fig. 2c) shows the en- 
tire vocal cord to be replaced by epidermoid 
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carcinoma which has extended beyond the ante- 
rior commissure to the left vocal cord. Adjacent 


to the specimen is a laminagram made during 
phonaticn showing poor filling of the right pyri- 
form sians, asymmetry of the lower part of the 
vestibule, incompletely filled and slightly ele- 
vated right ventricle, fixation of the right vocal 
cord, slightly widened glottis, and irregular left 
vocal cord. These roentgen findings are diag- 
nostic cf a carcinoma of the right vocal cord. 


Case m. A seventy-two year old male was ad- 


mitted »ecause of pain on swallowing and 
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Vic. 2. Case 1. (a, 6 and c) Carcinoma of 
the right vocal cord. 


hoarseness. Figure 34, which is part of an esoph- 
agram, reveals obvious asymmetry of the glot- 
tis and a fixed right vocal cord. Figure 34, a 
magnification of the marked zone shown in 34 
during inspiration, demonstrates marked ir- 
regularity of the right vocal cord. Figure 3c, a 
laminagram taken during phonation, shows no 
aeration of the pyriform sinuses. The vestibule 
is irregular in its inferior portion and poorly 
filled; the ventricles are small and poorly out- 
lined: the glottis is small and displaced to the 
left; the right vocal cord is irregular, but the 
left vocal cord is normal. These roentgen find- 
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ings indicate a carcinoma of the right vocal 
cord. Direct laryngoscopy showed an epider- 
moid carcinoma in the right tonsillar region ex- 
tending inferiorly along the right lateral and 
posterior pharyngeal wall to the right pyriform 
sinus and cricopharyngeus muscle. The right 
vocal cord was completely involved with tumor 
and was fixed at the midline. 


Case mm. A sixty-two year old male was ad- 
mitted because of dysphagia. Figure 4a was 
taken shortly after barium studies of the esoph- 
agus were carried out. There is retained con- 
trast material within a dilated upper third of 
the esophagus. The narrowed segment of a con- 
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Hic. 3. Case 11. (a, 2 and c) Carcinoma of 
the right vocal cord. 





stricting neoplasm in the esophagus is seen 
above the aortic arch. The air column of the 
larynx is that seen in quiet respiration and 
shows marked asymmetry, indicating a hyper- 
trophied right vocal cord and paralyzed left 
vocal cord. Figure 44, a laminagram in phona- 
tion, shows incomplete aeration of the lower 
part of the left pyriform sinus, asymmetry of 
the lower part of the vestibule, a dilated left 
ventricle, a normal right ventricle, a glottis dis- 
placed slightly to the left and a hypertrophied 
right vocal cord. These roentgen findings are 
diagnostic of a paralyzed left vocal cord sec- 
ondary to recurrent laryngeal nerve involve- 
ment. Esophagoscopy showed, in addition to an 
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Fic. 4. Case m1. (a and 4) Paralysis of the left vocal cord secondary to recurrert 
laryngeal nerve involvement by esophageal carcinoma. 


epiderm»id carcinoma of the esophagus, a 
paralyzed left vocal cord. 


Case v. A fifty-eight year old male was ad- 
mitted with an unresectable bronchogenic 
carcinoma of the left upper lobe, proved by 
thoracotomy. Figure $4 was to have been a 
Bucky ehest roentgenogram, but it also in- 
cluded the cervical spine. In addition to the 
left upper lobe neoplasm, the irregularity of the 
larynx i: very distinct. Figure 54, an enlarge- 
ment of he marked zone in 5a, shows the glottis 
in inspir «tion, characterized by a paralyzed left 
vocal card fixed in adduction. This was re- 
ported zs such. Figure $c, a laminagram in 
phonaticn, shows the pyriform sinuses and the 
vestibule to be poorly aerated, the left ventricle 
elevated and slightly larger than the right 
ventricle, the glottis displaced slightly to the 
left, anc the right vocal cord hypertrophied. 
These fmdings indicate paralysis of the left 
vocal card secondary to recurrent laryngeal 
nerve involvement. 


Case 7. A seventy-two year old male had an 
unresectable bronchogenic carcinoma of the 
right mrldle lobe. A Bucky chest roentgeno- 
gram (Wa. 64), made because of rib metastases, 
shows a ymmetry of the glottis. An enlarge- 
ment of -he marked zone in 6a (Fig. 62) shows 


the appearance of the glottis in inspiration, with 
a paralyzed left vocal cord fixed :n adduction. 
Figure 6c, a laminagram in inspiration, shows 
air in the pyriform sinuses and vestibule, a 
normal right vocal cord, and a fixed and para- 
lyzed left vocal cord. The left ventricle is filled 
with air and the right ventricle is partially ob- 
literated by the mobile normal rigkt vocal cord. 

Figure 6d is a laminagram im phonation. 
Even though there is motion, the findings are 
characteristic of left vocal cord paralysis. Both 
pyriform sinuses are poorly filled with air, 
while the vestibule is well aerated and asym- 
metric in its lower portion. Boch ventricles 
show irregular margins, but the le t ventricle is 
larger than the right ventricle. The glottis is 
displaced towards the left, and the right vocal 
cord is hypertrophied. The roentgen findings 
indicate paralysis of the left vocal cord sec- 
ondary to recurrent laryngeal nerve involve- 
ment. 


SUMMARY 


The diagnostic value of scrutiny of the 
air column overlying the cervi-al spine on 
routine roentgenograms of the neck and 
thorax is briefly discussed. The prognostic 
value of this observation by the radiologist 
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Fic. 5. Case 1v. (a, 6 and c) Paralysis of the 
left vocal cord secondarv to recurrent 
laryngeal nerve involvement bv bron- 
chogenic carcinoma. 
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Fic. 6. Case v. (a, 6, c and d) Paralysis of the left vocal cord secondary to recurrent 
laryngeal nerve involvement by bronchogenic carcinoma. 
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needs greater emphasis. Illustrative cases 
of abnormalities in the air column due to 
carcinoma of the larynx or paralysis of a 
vocal cord secondary to recurrent laryngeal 
nerve paralysis are presented. 


Sol M. Unger, M.D. 

Veterans Administration Hospital 
130 W. Kingsbridge Road 

Bronx 68, New York 
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PRIMARY SEMINOMA OF THE MEDIASTINUM* 
REPORT OF A CASE WITH AN UNUSUAL SITE OF METASTASIS 
AND REVIEW OF THE LITERATURE 
By WOLFGANG H. STEINMETZ, M.D.,* and ROBERT A. HAYS, M.D.; 


CLEVELAND, OHIO 


HE origin of primary germinal tumors 

of the mediastinum is not fully under- 
tood. Whether or not these growths are 
ictually primary mediastinal tumors has 
een the subject of much controversy in 
he literature, as have been their origin, 
levelopment, and the relationship between 
various sex-cell tumors. We are presenting 
‘he report of a case in which this rare 
-umer metastasized to an unusual site. We 
liscuss the literature with respect to the 
:heories that have been proposed to ex- 
slain the origin of these neoplasms. 


REPORT OF A CASE 


A chirts-five year old white man was first 
xamined at Cleveland Clinic in August, 1957. 
His chief symptoms were a sensation of pressure 
n the chest and shortness of breath. The pa- 
dent had a “cigarette cough” for many years; 
t became productive with small amounts of 
yellow sputum in April, 1957. In March, 1957, 
| sore throat developed. In July, substernal 
vain became extremely severe. The patient lost 
Io pounds in weight. 

Physicat examination. The tonsils were 
slighdy infected. A left supraclavicular lymph 
node was palpable. Breath sounds were de- 
creased over the left hemithorax, and percus- 
sion revealed that the mediastinum was widened 
superiorly. There were no other positive find- 
ings. The -estes were normal. 

Diagnostic procedures. The laboratory find- 
ings were essentially normal. Roentgenograms 
of the chest made on August 1, 1957, showed 
evidence of a mass in the left superior medi- 
astinum which displaced the esophagus slightly 
to the right (Fig. 1). A biopsy of a left supra- 
clavicular lymph node was performed, and the 
pathclogic diagnosis was seminoma. On micro- 
scopic examination sections revealed a neoplasm 





Vic. 1. Chest roentgenogram, August 1, 1957, show- 
ing a mass in the left superior mediastinum. 


composed of atypical epithelial cells forming 
fairly uniform islands, separated from one 
another by slender tracts of fibrous stroma. The 
cells were polygonal with clear cytoplasm, and 
vesicular nuclei with prominent nucleoli. Scanty 
plasma-lymphocytic infiltration seen 
throughout the sections. 

Course of the disease. The patient received a 
tumor dose of 3,000 r to the superior medi- 
astinum with cobalt 60 teletherapy in a period 
of two weeks. A roentgenogram of the chest 
made on September 17, 1957, showed the 
mediastinal mass to have markedly decreased 
in size (Fig. 2). The testes were re-examined 
and again were found to be normal. In January, 
1958, the patient was asymptomatic and in 
excellent general condition, but in June, 1958, 
he experienced tightness and soreness in the 
throat, mainly on the right side. There was re- 
appearance of a nonproductive cough. Ex- 
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Fic. 2. Chest roentgenogram, September 17, 1957, 
showing marked regression of the mediastinal 
mass, following Co*? teletherapy. 


amination in the therapeutic section of the 
Department of Radiology revealed an en- 
larged, ulcerated right tonsil. A biopsy was 
performed by a member of the Department of 
Otolaryngology. The pathologist’s report was 
undifferentiated carcinoma (compatible with 
seminoma). 

The enlargement and ulceration of the right 
tonsillar region regressed entirely after a tumor 
dose of 3,000 r with cobalt 60 teletherapy given 
over a period of two weeks. At the end of 
August, 1958, a roentgenogram of the chest 
showed evidence of an infiltrate in the left 
upper lobe, as well as increased density to the 
right side of the aortic arch and in the right 
middle lobe. The patient received another 
course of cobalt 60 teletherapy to the right hilus 
and mediastinum, A tumor dose of 3,180 r was 
given over a period of two weeks. 

On December 19, 1958, the patient was re- 
admitted in acute distress, with severe weak- 
ness, chest and shoulder pains, and marked 
shortness of breath. A tumor nodule, 2 cm. by 
2 cm. in size, was present in the right tonsillar 
area. A roentgenogram of the chest on De- 
cember 29, 1958, showed evidence of progres- 
sive and marked widening of the mediastinum 
with large tumor masses extending both to the 
right and to the left (Fig. 3). In the right hemi- 
thorax there was a large pleural effusion, ap- 
parently associated with pericardial effusion. 
The patient died on January 1, 1959. 

Necropsy findings. A necropsy (excluding 
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the head) revealed that the testes were normal 
except for greatly reduced spermatogenesis. 
The main pathologic diagnosis was seminoma 
of the anterior mediastinum. Secondary neo- 
plasm was evidenced in the lungs, hilar lymph 
nodes and spleen and adrenals. 
REVIEW OF THE LITERATURE 

It long has been known that primary 
teratomata of the mediastinum do occur. 
Ritchie? as early as 1903, reported a 
mediastinal growth that was, “. .. histo- 
logically identical in nature with the chori- 
onepitheliomata." Lambert and Knox," 
in 1920, reviewed a large number of cases 
and reported 2 additional cases of intra- 
thoracic. chorionepithelioma. A primary 
chorionepithelioma of the mediastinum 
was observed by Krassnianskaya® in 1929, 
and primary mediastinal teratomata with 
chorionepitheliomatous elements were de- 
scribed by Arendt! in 1931 and by Kantro- 
witz in 1934. Seminoma, the most com- 
mon testicular tumor, has also been en- 
countered as a primary mediastinal tumor. 
Wollner, Jamplis, and Kirklin,? in 1955, 
reported 3 cases of seminoma in the medi- 
astinum. Friedman,’ in 1951, added 3 cases 
of mediastinal tumors showing the histo- 





Fic. 3. Final chest roentgenogram, December 29, 
1958, demonstrating bilateral mediastinal masses 
with pleural and pericardial effusions. 
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logic characteristics of germinoma. Pugsley 
and Carleton," in 1953, found a semino- 
matous nodule in a primary teratocar- 
cinoma of the mediastinum. 


CLASSIFICATION 


The mtrathoracic germinal tumors may 
be classified according to cell type, as fol- 
lows: 

Pure: (1) teratoma, (2) 
lioma, (3) seminoma. 

Mixed: (1) teratoma plus chorionepi- 
thelioma, (2) teratoma plus seminoma. 


chorionepithe- 


THEORIES OF DEVELOPMENT 


The development of germinal tumors in 
extragonadal sites, such as the mediasti- 
num, tae pineal gland region, the retro- 
peritoneum, and the coccygeal area, has 
been the subject of interesting discussion. 
Most authorities believe that these tumors 
develop in the embryo and are present at 
birth. Ir is also rather well accepted that 
they are due to dissociation of tissues. Ac- 
cording to some authors, extragonadal ter- 
atomate represent “embryonal rests,” com- 
posed ef entodermal and ectodermal tis- 
sues separated in the closure of the thorax. 

The most practical theory, advanced by 
Fox and Hospers, is that the primary 
germi tumors of the mediastinum are 
due to dissociation of totipotential cells in 
the bkastomere stage before the develop- 
ment o: separate germ layers. These toti- 
potential cells are thought to remain 
quiesceat in the embryo until some future 
stimulus incites the cells to activity. 

Anotaer theory proposes that these tu- 
mors arise from /Zofipotent sex cells. Among 
its advecates are Dixon and Moore,’ Fried- 
man amd Moore,^* and Scully and Par- 
ham," who believe that germinoma, terato- 
carcinoma, chorionepithelioma, and tera- 
toma im the pineal gland and in the region 
of the thymus are of germinal origin, aris- 
ing from sex cells or their predecessors. 
How de those sex cells reach the medias- 
tinum? Dixon and Moore? believe that 
some germ celis are left behind during the 
migratien from the yolk sac to the gonad 
in early embryonic life. According to 
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Lambert and Knox,” the finding of sex cells 
in sites outside of the gonads in some fish 
embryos was reported bv Beard in 1902. 


METASTASIS 


A considerable number of the terato- 
mata shows evidence of malignancy. It is 
well known that these malignant lesions 
may metastasize to the mediastinal lymph 
nodes, lungs, and sometimes to more dis- 
tant sites. Only certain elements of the 
teratoma may take on a malignant char- 
acter. Considering the developmental rela- 
tionship of the germinal tumors to each 
other, it is not surprising that metastatic 
lesions of teratomata may show the histo- 
logic pattern of one of the other sex-cell 
tumors. According to Friedman,® semino- 
matous tissue occurs in metastatic lesions 
only if the primary tumor 1s a seminoma or 
if it contains seminomatous elements. 
Metastasis in 2 patients with chorionepi- 
thelioma of the mediastinum has been re- 
ported by Lambert and Knox.!* Gerhartz? 
emphasized that the testicular seminoma is 
likely to metastasize widely to distant loca- 
tions via the blood stream. Primary semi- 
noma of the mediastinum shows a similar 
tendency. 

With regard to the metastases of the 
seminoma found in our case, it is inter- 
esting that Wilson and Cares'* reported a 
metastatic lesion of a mediastinal tera- 
toma to the posterior triangle of the neck, 
and that Findlay? found malignant tissue 
in the mouth of a patient who had a malig- 
nant seminoma of the testis. Apparently, 
the mediastinal seminoma has the ability 
to metastasize to unusual sites. 


SUMMARY 

A case report of the rare primary semi- 
noma of the anterior mediastinum with an 
unusual metastasis to the tonsil has been 
presented. The literature has been re- 
viewed with special respect to the origin 
of the mediastinal seminoma. 
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ACTINOMYCIN D AND ROENTGEN-RAY 
THERAPY IN THE TREATMENT OF 
METASTATIC WILMS’ TUMOR* 


By DONALD H. ALTMAN, M.D.f 


MIAMI, 


AT NOMYCIN D,anantibiotie which 

: isolated from cultures of frepto- 
myces pervallus, has been shown to have an 
antineoplastic activity in tumors on chil- 
dren, particularly Wilms’ tumor, neuro- 
blastomas, and embryonal rhabdomvo- 
sarcomas.? Shaw ef al’ reported definite 
antitumor response in 3 of 5 patients with 
Wilms’ tumor. The method of action of 
actinomycin D may be by inhibiting 
ribonuckic acid synthesis. 

The complications of actinomycin D 
therapy have been enumerated by Tan 
et al^ ard consst of: 

1. Redness and ulceration of the buccal 
mucosa beginning one to three days after 
an intrevenous dose and lasting tiree to 
five dav. 

2. Vomiting four to five hours after each 
injectior, and rausea, anorexia, occasional 
dbdemninal pain or diarrhea during therapy. 

3. Erythema and occasional vesiculation 
ia exfoliation over previously treated 
areas. 

4. The falling out of hair and sometimes 
of the eyebrows in varying severity at seven 
to ten cays after the intravenous course, 
with regrowth occurring after two to four 
weeks. 

5. Leixopeniz, usually temporary, occur- 
ring in tie range of 2,000 white blood cells 
per cubic millimeter, and occasionally less 
than peoo white blood cells per cubic 
millimeter. This is more severe if the 
patient :s receiving both roentgen-ray and 
actinoraycin D therapy. 

6. Pla-elets dropping to less than 100,000 
per cube millimeter in 30 per cent of 
patients 
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7. Rising of the uric acid concentration in 
serum (14 of 93 patients in the szries of Tan 
et al.?). 

When actinomycin D anc radiation 
therapy were given concomitant. y, D'Angio 
et al? noted (1) early erythema in the area 
of irradiation, (2) reduction ia the time 
required. for the normal prozression of 
radiation effects, and (3) enkanced skin 
manifestations leading to dangerously sev- 
ere local reactions following high concomi- 
tant dosages. 

These effects have all been confirmed in 
animal experimentation. 

Tan et alt reported a favorable response 
in 6 of 16 patients with metastatic Wilms’ 
tumor in whom actinomycin D therapy 
was used alone, and in 13 of 17 patients in 
whom combined roentgen-ray and actino- 
mycin D therapy was employed. 

Our discussion is limited to a brief 
description of a group of patients with 
Wilms’ tumor with metastatic disease and 
the response of these cases tc combined 
therapy. The dosage of actinomycin D was 
7: ug. / kg. body weight divided nto 5 equal 
dailv doses unless otherwise stated. 


REPORT OF CASES 


Case 1. A. V., a five year old white male child, 
was admitted to Variety Children's Hospital on 
July to, 1957 with hematuria and a left flank 
mass. He was transferred to Jackscn Memorial 
was per- 
formed seven days later. 

He received postoperative roentgen-ray ther- 
apy consisting of 3,000 r (factors 250 kv., 50 
cm. target skin distance, half valine layer 2.5 
mm. Cu) each to left upper quadrant anterior 
and posterior portals. The child reportedly did 
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ic. 1. Case 1. (4) Admission chest roentgenogram revealing far advanced metastatic disease to the lungs. 
(B) Posteroanterior chest roentgenogram five days after institution of actinomycin D therapy. 


well until just prior to re-admission to Variety 
Children's Hospital with meningeal symptoms 
and marked shortness of breath ten months 
after the original admission. The chest roent- 
genogram revealed far advanced metastatic 
lesions in both lung fields. The child was failing 
rapicly, and therapy with actinomycin D was 
begun four days after admission (Fig. 1—4). 
Within eleven days marked improvement was 
observed. The only toxicity was vomiting, 
reduction in platelets from 200,000 to 21,000, 
and bronzing of the previous roentgen-ray 
portal. He was discharged from the hospital and 
followed in the tumor clinic. 

Improvement continued for three months, at 
which time recurring metastases were noted in 
the chest. These nodules doubled in size in 
fourteen days, and a second course of actino- 
mycin D was given. A five week remission was 
obtained. A third dose of actinomycin D was 
then acministered, but to no avail. 

Following this, roentgen-ray therapy to the 
chest and administration of nitrogen mustard 
resulted in a four week remission, and then, in 
an attempt to stop the progression of the lesions, 
mitomycin (200 ug./kg.) was given for a 
period of two days. Temporary relief was 
afforded, but on March 2, 1959, twenty months 


after the original admission, the child was re- 
admitted and had a progressive downhill course 
to death. He survived ten months after what 
appeared to be his terminal admission and was 
quite comfortable and happy for about eight of 
these ten months. 


Case rr. S. L., a three year old white male 
child, was admitted to Variety Children's 
Hospital on March 17, 1958, two weeks after 
his mother discovered a nontender hen's egg 
sized mass in the left upper quadrant. Three 
days prior to admission the mother noted 
large, swollen, not tender, bluish discoloration 
of the left side of the scrotum. Roentgen ex- 
amination revealed a mass lesion in the superior 
pole of the left kidney, which displaced the 
kidney inferiorly, and metastases to the lungs 
(Fig. 5-9). At surgery all of the lymph nodes 
were not removed. 

He received postoperative roentgen-ray ther- 
apy of 2,000 r to opposing 18X Io cm. portals, 
and a single concomitant course of actinomycin 
D. The lung lesions began to regress within two 
weeks and continued to regress "or two months. 
At this time small nodular lesions were noted in 
the right lung, and a second course of actino- 
mycin D, this time 90 ug., kg. in five divided 
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IG. 2. Cose r. (4) Roentgenogram eighteen days following institution of actinomycin D. (B; Roentgeno 
gram thirty-nine days after actinomycin D therapy. 
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"1G. 5. Cese 1. (4) Roentgenogram showing recurring nodule three months after institution of therapy. (B) 
Roen-genogram showing some regression two weeks after second course of actinomycin D therapy. 
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Fic. 4. Case 1. (4) Roentgenogram showing recurrent metastatic nodules six months after start of actinom y 
cin D therapy. (B) Chest roentgenogram on final admission. 





Frc. 5. Case rr. (4) Intravenous pyelogram showing mass lesion displacing left kidney inferiorly, and two 


metastatic lesions in the lungs (arrows). (B) Admission chest roentgenogram revealing bilateral metastatic 
Wilms’ tumor. 
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Fic. 6. Case 11. (4) Chest roentgenogram showing metastatic lesions at beginning of combined therapy. (B) 
Roentgenogram two weeks later showing rezression of metastatic lesions. 
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“Ic. 7. Case m. Roentgenogram at Fic. 8. Case 11. Roentgenogram cight months 


completion of therapy. after treatment. 
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Vic. 9. Case 11. Negative chest roentgenogram two 
years following treatment. 


daily doses, was administered. Marked ery- 
thema was noted in the previously irradiated 
areas. The metastases disappeared within four 
weeks, and the child has remained well to date, 
three years after his initial admission. 
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Case mt. G. V., a thirteen year old white 
male child, was admitted to Jackson Memorial 
Hospital on November 28, 1958, seven years 
after the removal of a retroperitoneal ganglio- 
neuroma, At that time he was given roentgen- 
ray therapy through two opposing left abdomi- 
nal ports, a 2,000 r air dose being administered 
to each port. Following this no recurrence was 
noted. 

On this admission he complained of right 
lower quadrant pain. At surgery a large hemor- 
rhagic right kidney tumor which extended into 
the renal vein was discovered. The pathologic 
diagnosis was Wilms’ tumor with involvement 
of the renal vein. The patient received post- 
operative roentgen-ray therapy consisting of a 
2,400 r air dose to a 10X12 cm. right anterior 
port and a 2,600 r air dose to a right posterior 
upper abdominal 10X12 cm. portal (factors 
kv., 50 cm. target skin distance, half 
value layer 2.5 mm. Cu). Roentgenograms 
revealed no metastases to bones, skull or 


2c 
250 


chest. 

Two months later metastatic lesions (Fig. 
10) to the chest were observed, and actino- 
mycin D was administered. A five week re- 
mission was obtained, after which progres- 
sion of metastases was again notec and a second 
course of actinomycin D was started. The 
patient's disease, however, had only a two week 
remission and although a third course of actino- 
mycin D was begun, he expired. 
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Fic. 10. Case ur. (4) Roentgenogram showing far-advanced metastatic Wilms’ tumor to the lung fields, 
(B) Roentgenogram nineteen days after institution of actinomycin D therapy. 


Vou. 86, Bo. 4 Treatment of Wilms’ Tumor 





3 16 60 


Fic. 11. Case v. (4) Admission abdominal roentgenogram revealing calcified mass in the left venal area. (B) 
[Intrzvenous pyelogram revealing mass lesion (Wilms' tumor) in the upper pole of the let kidney. 


Case iv. F. S., a sixteen month old Negro 
female child, was seen at Variety Children's 
Hospital on December 28, 1958 with a history 
of abdorinal swelling of two weeks’ duration. 
The abcomen was markedly distended with 
promineat veins. A large right-sided abdominal 
mass was palpated, the lower border of which 
was just above the iliac crest. Admission roent- 
genograms disclosed a negative chest. An 
intravenous pyelogram demonstrated a large 
mass lesion displacing the right kidney and 
ureter. ^ bone survey was negative. 

Surgical exploration revealed a large Wilms’ 
tumor c? the rEht kidney. Silver clips were 
placed it the limits of the tumor bed for roent- 
gen-ray beam direction. The pathologic diag- 
nosis was Wilms’ tumor, with metastases to the 
posterior and anterior lymph nodes. 

Postoperative roentgen-ray therapy consisted 
of two 8X14 cm. opposing portals (factors 220 
kv., $c cm. target skin distance, half value 
laver 2c mm. Cu, tumor dose 4,380 r) with 
concomi-ant actinomycin D. Toxicity was 
noted by vomiting and diarrhea. The radiation 
reaction was very severe. The postirradiation 
roentgerogram of the chest was negative. Ex- 
aminaticn two years after surgery revealed 
normal srowth and development without evi- 
dence of metastases. 


Case v. S. P., a seven year old white female 
child, was admitted to Variety Children’s 
Hospital on March 11, 1960 with a chief com- 
plaint of severe pain in the lower back and 
rigidity in the back and neck. 

Preliminary roentgenograms of the thoraco- 
lumbar spine (Fig. 11-13), revealed a calcified 
mass in the left upper quadrant. An intravenous 
pyelogram demonstrated distorticn of the up- 
per calyceal system of the left kicney and dis- 
placement of the kidney inferiorly. A left 
nephrectomy was performed. The pathologic 
diagnosis was Wilms’ tumor of the left kidney 
without evidence of metastases tc the regional 
lymph nodes or renal vein. 

The patient received nitrogen nustard and 
roentgen-ray therapy (factors 22c kv., 50 cm. 
target skin distance, half value lzyer 2.0 mm. 
Cu, tumor dose 4,350 r, 10X15 em. opposing 
portals) which was started on the first post- 
operative day. 

Metastases to the lung were discovered three 
and one-half months after admission. Actino- 
mycin P, was given for five daily doses. The 
patient developed nausea, vomitinz, and a drop 
in the platelet count from 190,000 to 36,000. 
The lung lesions showed no change for a period 
of one month, and then progression was seen. 
A course of actinomycin D was then given. 
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Vic. 12. Case v. (4) Negative chest roentgenogram on admission. (B) Roentgenogram showing metastatic 


Wilms' tumor of the right lower lobe, three months after surgery and postoperative irradiation. — , 





Vic. 13. Case v. (4) Roentgenogram showing no change of lesion one month following institution of ac- 


tinomycin P» therapy. (B) Roentgenogram showing status of lesion two months following institution of 
therapy. 
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SUMMARY 

Actinomycin D has a definite antinec- 
plastic effect on metastases of Wilms’ 
tumor. The toxic effects of the drug in the 
dosage used were not severe. There appears 
to be a potentiation of effect when actino- 
mycin D and roentgen-ray therapy are 
used concomitantly. Of the 5 cases pre- 
sented, the best results were obtained by 
the initial concomitant use of actinomycin 
D and roentgen-ray therapy. Two of the 5 
patients in whom concomitant therapy was 
used initially and in whom metastases were 
present are well to date, 1 for three vears 
and 1 for two. One patient in whom me- 
tastases were not found initially and who 
received postoperative irradiation and ni- 
trogen mustard developed metastases with- 
in three months. This has been helped by 
actinomycin P, therapy. The other 2 pa- 
tients were treated for metastatic disease 
primarily with actinomycin D and received 
moderate palliation. 


CONCLUSION 
Five cases of metastatic Wilms’ tumor 
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are presented, and their vary ng response 
to actinomycin D and roentgen-ray therapy 
is discussed. 


Variety Children’s Hospital 
6125 Southwest Thirty-first Street 
Miami 55, Florida 
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THE ROENTGEN FINDINGS IN LYMPHOSARCOMA 
OF THE SMALL INTESTINE* 


By RICHARD H. MARSHAK, M.D., BERNARD S. WOLF, M.D., 


and JOAN ELIASOPH, M.D. 


NEW YORK, NEW YORK 


T roentgen alterations produced by 
lymphosarcoma of the small intestine 
have been considered, in general, to be too 
varied and nonspecific to permit a definite 
diagnosis. With increasing experience with 
small intestinal lymphosarcoma and with 
the recognition of the abnormal patterns 
produced by other small intestinal ail- 
ments, it has become apparent that pri- 
mary lymphosarcoma of the small intestine 
often presents an appearance which is 
highly suggestive of the underlying patho- 
logic alterations. It is true that lympho- 
sarcoma of the small intestine may present 
in a variety of forms which, at first glance, 
may seem to bear little relation to each 
other. It will be seen, however, that the 
differences in the changes produced are 
primarily a function of the direction of 
growth and the multiplicity of the lesions. 

Early recognition of primary neoplasms 
of the small intestine is difficult due to the 
paucity of localizing symptoms and signs 
relating to the disease until it is far ad- 
vanced. This is particularly true of primary 
lymphosarcoma of the small intestine be- 
cause obstruction is infrequent, in contrast 
to carcinomas in this region, where obstruc- 
tion is often the first presenting sign. The 
most useful diagnostic aid is roentgen 
study. 

A classification of the roentgen changes, 
therefore, is of practical usefulness. The 
purpose of this paper is to present the 
roentgen findings in a series of 75 proved 
cases of primary lymphosarcoma of the 
small intestine. They may be classified as 
follows: (1) multiple small nodular form; 
(2) infiltrating form; (3) polypoid form 
(intussusception) ; (4) endo-exoenteric form 
with extensive excavation, perforation and 


fistula formation; and (5) predominantly 
invasive form of the mesentery with (a) 
large extraluminal masses (single or multi- 
ple, with extrinsic pressure upon the small 
intestine), and (b) production of the sprue 
pattern. 


GENERAL CONSIDERATIONS 


The frequency of lymphosarcoma in the 
various portions of the small intestine 
roughly parallels the distribution of lym- 
phoid tissue within the small bowel. Ac- 
cordingly, it is most commonly found in the 
ileum where larger lymphoid collections 
(Peyer’s patches) exist. 

The tumor may arise in the lymphoid 
tissue of the mucosa or submucosa. It has 
a tendency to extend along the long axis of 
the bowel and may take origin from mul- 
tiple sites. This is in contrast to the usual 
behavior of carcinomas in this region which 
produce a single short segmental constrict- 
ing lesion. 

In the initial stages, lymphosarcoma may 
appear as a discrete, thickened, nonulcer- 
ated plaque with relatively intact overlying 
mucosa. Presumably, if it arises super- 
ficially, that is, in the mucosa, growth may 
be predominantly towards the lumen caus- 
ing no remarkable rigidity in the adjacent 
bowel wall. As a result, exaggerated peri- 
stalsis, occasioned by the intraluminal mass, 
in an attempt to expell the mass may pro- 
duce an intussusception with subsequent 
intestinal obstruction. 

Lymphosarcoma, however, may extend 
intramurally causing a diffuse thickening 
of the wall of the small intestine over a 
considerable distance. When this occurs in 
the submucosa, the folds of the mucosa may 
appear intact. Sometimes they may be 
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smoorhed out by the submucosal thicken- 
ing and, on occasion, may even appear 
coarsely thickened. When the infiltration is 
more superficially located, the overlying 
mucosa may be thrown up into -nnumer- 
able small polypoid projections. This dif- 
fusely infiltrating form is not associated 
with any single mass but occurs along the 
course of the involved bowel; alternating 
areas of grezter and lesser involvement may 
be found producing a grossly irregular, 
rigid, unchanging appearance. 

In contrast to this type of extension, 
that is, along the longitudinal axis of the 
bowel, growth may occur essentially out- 
wards. In this situation, the mass is usually 
large and both endo- and exointestinal in 
position. As the mass grows, it destroys the 
intestinal wall and extends into the mesen- 
tery, infiltrating and destroying adjacent 
intestinal loops. Ulceration of the tumor 
occurs with the formation of many inter- 
communicating channels within the tumor 
mass as well as into the adjoining involved 
bowel loops. Ulceration and necrosis within 
the tumor continue producing a large ir- 
regular excavation which communicates 
with severa! loops of bowel. Per‘orations 
that occur, therefore, are rarelv into the 
free peritoneal cavity but rather into the 
agglutinatec mass of tumor, mesentery and 
small intestine. 

Lymphosareoma is a medullary tumor 
and as such does not evoke a desmoplastic 
response. As a result, there is little tendency 
for scirrhous tissue to form and stenosis to 
occur. A certain degree of narrowing of the 
bowel lumen may be observed due to ex- 
trinsic compression and marked thickening 
of the bowel wall, but stricture formation 
of sufficient severity to cause intestinal 
obstruction is rare. When it occurs, it is 
associated with ulceration and secondary 
infection. In one instance in the present 
series the ulceration which had evoked 
mechanical intestinal obstruction by pro- 
ducing marked spasm was not located in 
the tumor itself but immediately adjacent 
to it (Fig. 9B). This situation is extremely 
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rare. Intestinal obstruction in lymphosar. 
coma Is most often incident te intussuscep: 
tion. 

In some cases, the infiltrated bowel wall 
reveals a remarkable local segmental dilata- 
tion, sometimes of “aneurysmal” character. 
The apparent atonicity has been explained 
as the result of destruction of the muscular 
coat by the tumor as well as involvement 
of the nerve plexuses. 

Ditfuse involvement of the mesentery bv 
extraluminal extension of lymphosarcoma 
may produce alterations in absorption of 
nutrients from the intestinal tract. Fats, 
being the most difficult. substances to 
absorb, are generally the first zo be affected 
and steatorrhea may result. The clinical 
and laboratory findings may then be indis- 
tinguishable from those seen in idiopathic 
sprue. However, failure to respond to the 
usual therapy for idiopathic sprue or the 
subsequent development of other evidence 
of lymphosarcoma leads evenzually to the 
correct diagnosis. 


ROENTGEN FINDINGS 


1. Multiple small nodular defects (Vig. 
1, Zand B). These appear roentgenograph- 
ically as multiple pea-sized intraluminal 
nodules which alter the mucosal pattern of 
the bowel and produce an irregular, coarse 
scalloping of the bowel contour. The bowel 
lumen may be of normal or ir creased cali- 
ber. It is not narrowed. These changes are 
usually found in the ileum and involve 
segments varying from one to two feet in 
length. The involved segmert retains its 
pliability and is not fixed in position. 

This form may occur as the sole mani- 
festation of the disease or mav be asso- 
ciated with other small intest nal changes. 
We have observed 5 such cases. In 3, the 
colon was also involved. The colonic 
changes are similarly nodular and may sim- 
ulate the roentgen alterations seen in famil- 
ial polyposis. The changes in the colon may 
not be seen as easily as those in the small 
intestine because the lumen o7 the colon is 
large and distensible and the tiny nodular 
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Fic. 1. (4) There are multiple tumor nodules of varying size in the terminal ileum, cecum and ascending 
colon. The terminal ileum is slightly dilated. (B) The mucosal pattern is replaced by numerous polypoid 
intramural and intraluminal defects which alter the caliber of the bowel lumen. There is no evidence of 
any obstruction. 


defects may be obscured by the larger 
amounts of barium utilized in studving it. 
In 1 case, the stomach appeared to be in- 
volved independentlv of the small intes- 
tinal lesion. 

2. Infiltrating form (Fig. 2, A and B; 3, 
4 and B; 4, Aand B;and 5, Aand B). The 
bowel wall may become diffusely infiltrated 
by lymphosarcoma and thickened for con- 
siderable lengths. The degree of thickening 
may vary from area to area, producing ir- 
regular segments of narrowing and relative 
dilatat:on. The degree of narrowing is never 
as marked as that observed in carcinoma 
or inflammations. The mucosal folds mav 
be flattened and effaced, or they may be 
thickened and thrown up into irregular 
nodular projections producing coarse, ir- 
regular scalloping of the bowel contour with 
intraluminal filling defects of varying sizes. 
The mural thickening causes separation 
and straightening of the bowel loops which 
stand out clearly from the closely approxi- 
mated, normal small intestinal loops. The 
barium column may have a mottled ap- 
pearance due to increased secretions from 


within the lumen of the affected segment. 

The infiltration may be limited to short 
segments, either single or multiple, which 
appear as short areas of eccentric narrow- 
ing of the bowel lumen with effacement or 
thickening of the mucosal folds and evi- 
dence of tumor formation. Marked rigidity 
of the involved segment is not seen nor is 
there sufficient stenosis to produce dilata- 
tion of the small intestine proximally. 

Associated with this segmental lesion, 
small nodular defects along the contour of 
the bowel lumen are frequently found. 
They may be situated at some distance 
from the more conspicuous lesion. They 
may be single or multiple and are generally 
less than 1 cm. in diameter. They may 
widen the normal interval between valvulae 
but do not extend across the full width of 
the bowel lumen. 

Another form of segmental infiltration of 
the bowel wall in lymphosarcoma is that 
which extends for fairly short distances and 
is accompanied by marked localized dilata- 
tion. This has been termed aneurysmal 
dilatation. The increased thickness of the 
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‘1G, 2. (4) Infiltration of multiple short segments of the jejunum by lymphosarcoma. In this case, two areas 
are involved. The proximal area of involvement shows a segmental area of irregular dilatation of the bowel 
lumen, destroyed mucosal folds and a suggestion of an intramural mass. The second lesion, a few inches 
caudad, shows flattening and rigidity of one wall and abnormal valvular markings on the contour of the 
opposite wall. (B) There is thickening and blunting of the folds with some encroachment upon the bowel 
lumen but no obstruction. In some areas, small tumor nodules can be identified along the contour of the 
bowel lumen. 


vowel wall is demonstrated by increased 
ieparation from adjacent loops. The barium 
‘ends to pool within the widened lumen 
ind no mucosal pattern can be seen. The 
'onteurs of the dilated segment may be 
imooth, coarsely irregular or show scallop- 


ing and nodularity due to intramural tumor 
formation. The adjacent mucosa may ap- 
pear intact or thickened and nedular. 

3. Polypoid form (Fig. 6, A and B). When 
the tumor has grown to a size sufficient to 
produce a discrete intraluminal mass and 





Fic. 3. G4) There is slight dilatation of the distal jejunum which shows thickening and blunting of the folds, 
with etfacement in some areas. The contours are coarsely irregular. One short segment of narrowing is 
seen. This appearance simulates that of the nonstenotic phase of regional enteritis. (B) Diffuse infiltrating 
lymphosarcoma of the jejunum and ileum. In some segments the lumen is dilated with irregular or saw- 
toothed contours. Elsewhere the folds are thickened. 
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Fic. 4. (4) Diffuse infiltrating lymphosarcoma involving the entire small intestine. In the jejunum, multiple 
intramural and intraluminal tumor nodules (arrow) alter the bowel contour. (B) In the ileum, the bowel 
is dilated. The mucosal folds are thickened and blunted. Mural tumor nodules can still be identified 
(arrow s). 


is without intramural extension, it may be 
drawn forward by peristalsis, forming a 
pseudopedicle, and may become the lead- 
point of an intussusception. Unless there 
are other clues to the nature of the under- 
lying lesion, the cause of the intussuscep- 
tion cannot be determined from the 
roentgenograms. The polypoid tumor itself 
is rarely visualized on roentgen study be- 
cause it Is prone to intussusception and may 
become obscured by the intussusceptum 
and intussuscipiens. 
& Four times in this series, intussusception 
only was seen. In 2 other instances, marked 
thickening of the mucosal folds in the re- 
gion of the intussusception and fistulas and 
nodularity of the adjacent mucosa were 
noted. In 1 other case, there were multiple 
polypoid lesions with ulceration of the 
mucosa, numerous fistulas and dilatation of 
the involved bowel. 

4. Endo-exoenteric form with excavation 
(Fig. 7, Æ and B; and 8, 4 and B). In this 
instarce, a large excavated mass with 


multiple fistulas and communications with 
the adjacent small bowel is seen. 

The roentgen findings are usuallv bizarre. 
The characteristic finding is an extensive 
irregular amorphous patch otf barium which 
does not conform to the intestinal lumen 
and communicates with the surrounding 
small intestinal loops. The adjacent small 
intestinal loops are displaced by the large 
mass. Fistulas are not infrequent. 

The earlier changes are seen less fre- 
quently. Before massive excavation occurs, 
the tumor and the involved portion of the 
small intestine may be criss-crossed bv 
many intercommunicating channels con- 
necting the tumor with the lumen of the 
small intestine. These channels appear as 
amorphous barium streaks of varying cali- 
ber. In 1 such case, because of the presence 
of the altered intestinal loops and the fis- 
tulas, the diagnosis of regional enteritis was 
made. Subsequent events leading to mas- 
sive excavation of the involved area indi- 
cated the presence of necrotic neoplasm. 





This z ppearance is not pathognomonic of 
lymphosarcoma and has been observed in 
other sarcomatous tumors of the intestinal 


tract. 

5. Predominantly invasive form of the 
mesentery. (a) Large extraluminal masses. 
The grezter portion of the tumor may grow 
centrifuzally and produce large extra- 
luminal masses which can attain huge pro- 
portions and even extend into the retro- 
peritoneim. They manifest themselves 
roentger ologically by displacement of the 
abdomiral organs, pressure defects upon 
the adjecent viscera and invasion of the 
intestin] wall. The presence of a mass 
alone is not diagnostic of lymphosarcoma 
unless mural alterations which characterize 
this type of growth are seen in the small in- 
testine. 

It is azain of interest to note that in this 
form of &*mphosarcoma, intestinal obstruc- 
tion is infrequent. In metastatic carcinoma, 
however, in which there is involvement of 
the mesentery and infiltration of the bowel, 
incomplete obstruction is not uncommon. 
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Fic. c. (4) Aneurysmal dilatation in diffuse 
infiltrating lymphosarcoma. Tumor nodules 
encroaching upon the bowel lumen can be 
identified. Other segments of small intestine 
as well as the duodenum are involved. (B) 
Marked aneurysmal dilatatiom in the ileum. 
The increased thickness of the bowel wall is 
indicated by the increased distance between 
the involved bowel and adjacent loops. 


(b) Production of the sprue pattern (Fig. 
94). Along with clinical and laboratory 
findings of sprue, which can be produced 
when there is diffuse involvement of the 
mesentery, a roentgen picture simulating 
sprue also may be found in lymphosarcoma. 
Eight such cases have been observed in 
this series. In 6, the sprue pattern was seen 
with dilatation of the smal intestinal 
loops, hypersecretion and segmentation of 
the barium column. The findings were in- 
distinguishable from those seen in idio- 
pathic sprue and a definite ciagnosis of 
lymphosarcoma could not be made. In 2 
additional cases, there was evidence of 
extraluminal masses with displacement and 
invasion of the small bowel leops super- 
imposed upon the sprue pattern. 


DIFFERENTIAL DIAGNOSIS 


1. Hodgkin's disease (Fig. 10. 4 and B). 
In general, Hodgkin's disease produces the 
same kind of lesions in the smell intestine 
as lymphosarcoma; however, perforation, 
fistulas and aneurysmal dilatation have not 





Fic. 6. (4) Polypoid lymphosarcoma of the terminal ileum resulting in an ileocolic intussusception with 
minimal obstruction. The lesion in the ileum is obscured by the intussusceptum. (B) Large lobulated 
polypoid lymphosarcoma of the terminal ileum seen after evacuation of a barium enema. 





Vic. 7. (4) Endo-exoenteric lymphosarcema of the distal ileum. The normal bowel lumen is replaced by 
many intercommunicating tortuous tracts through the tumor. The arrow points to the nodular mucosal 
pattern proximal to the mass. The lumen of this segment is not narrowed. (B) Three months later, there is 
a large irregular, triangular, excavated area within the tumor containing an amorphous collection of bar- 
ium. The mucosal folds in the adjacen- small intestinal loops are considerably thickened. 
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Vic. 8. G7) A markedly disorganized pattern produced by multiple polypoid masses with excavation, dilata- 
ion and numerous sinus tracts. (B) The duodenal bulb is replaced by a large amorphous irregular crater. 





Fic. 9. (4) Diffuse lymphosarcoma of the mesentery and retroperitoneum, mimicking the sprue pattern, 
manifested by segmentation, hypersecretion and flocculation of the barium column. There is no evidence 
of intrinsic involvement of the bowel wall. (B) Unusual instance of obstruction produced by kinking and 
spasm at the site of an ulcerated intraluminal lymphosarcoma. The lesion was flat and, in itself, did not 


compromise the bowel lumen. 
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Mic. (4) Hodgkin’s disease. 


ee carcinoma except for lack of obstruction and proximal intestinal dilatation. Dist: lv, 


There are two segments of involvement. Proxim: uly, 


the lesion simulates a 
the more usual 


characteristics of a lymphoma are seen with dilatation and perforation. (B) Hodgkin’ s disease of the 
jejunum. There is a narrow rigid segment producing obstruction to the barium column and dilatation. 


The contours are scalloped. No overhanging margins are seen. 


The lumen is eccentric. There is a fairly 


gradual transition between normal and abnormal bowel. 


been as common. Differing from lympho- 
sarcoma, Hodgkin's disease can produce 
marked fibrosis of the bowel wall with con- 
striction of the lumen. Roentgenographi- 
cally, there is eccentric narrowing of the 
bowel lumen, which tapers in a fusiform 
manner. There are no overhanging edges 
at the margins of the lesion, which is 
usually longer than that seen in carcinoma. 
The contour of the bowel lumen is irregular 
due to nodularity of the bowel wall. The 
involved segment may be fairly long. The 
sprue pattern, multiple small nodular de- 
fects and the infiltrating forms have all 
beer seen in Hodgkin's disease. We have 


seen a single case of leukemic infiltration of 


the small intestine which appeared as mul- 
tiple small nodular defects within a short 
small intestinal loop. 

Multiple polyps in the small intestine. 
These are rare. When seen, they are usually 
one of the manifestations of Peutz-Jaege er's 
syndrome. 


Infarction of the small intestine. An 
infarcted bowel segment shows progres- 
sive changes leading to stricture formation. 
The findings are similar to those of a benign 
stricture in other portions of the gastro- 
intestinal tract, namely, a rigid, stenotic 
segment with a concentric lumen, the 
margins of which gradually widen to the 
caliber of the normal adjacent bowel. The 
margins are exquisitely smooth. Dilatation 
of the small intestine proximally occurs. 

4. Carcinomas. These lesions are more 
common in the jejunum. They are usually 
short and cause an eccentric rigid lumen, 
the mucosa of which shows destruction and, 
occasionally, ulceration. The margins of the 
lesion are overhanging and obstruction is 
frequent. The lesions are usually single 

5. Carcinoids. Carcinoids occur more 
frequently in the distal ileum than in other 
regions of the small intestine. They have 
the same general appearance as carcinomas. 
However, on occasion, they may appear a 
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Vic. 11. 4) Regional enteritis, nonstenotic form. The mucosal folds are thickened and somewhat nodular in 
configeration. Linear ulcerations can be identified. (B) After an interval, inflammatory polyps appear 
which vary from tumor nodules in that they are fairly uniform in size, regular in appearence and intra- 
lumin: 


a congbmeration of nodular filling defects 
with some dilatation of the bowel lumen or 
as multiple isolated nodules with fixation 
and anzulation of the adjacent bowel. 

6. Regional enteritis (Vig. 11, A and B). 
Two thirds of these cases involve the distal 
ileum. The inflammatory process is char- 
acterized by fairly long segments (from 6 
to 8 inches to the entire small intestine) 
of invelvement which show linear mucosal 
ulcerat ons, inflammatory polyps, fistulas, 
sinus t-acts, separation of the bowel loops 
due to thickening of the bowel wall and 
intervening mesentery, skip lesions, spasm, 
irritability and hypersecretion. On oc- 
casion, the nonstenotic phase of regional 
enterits can simulate the appearance of 
diffuse lymphosarcoma of the small in- 
testine Thickening and blunting of the 
folds, irregularity of the contour, and 


intraluminal nodules are features which are 
common to both. However, in regional 
enteritis there is more inflammation, pro- 
ducing spasm and narrowing of the bowel 
lumen. 


CONCLUSION 


It is always easy to construc: a classifica- 
tion and say that this is how to diagnose 
a particular entity. The smzll intestinal 
manifestations of lymphosarcoma are not 
common and, in their initial stages, are 
often missed. This has happened to us 
frequently and re-examination several 
months later because of pers stent symp- 
toms has shown obvious structural ab- 
normalities in the small intestine. There is 
no doubt that these changes are not always 
as clear cut as they have been made to 
seem. On the other hand, in the literature 
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the prevalent feeling has been that it is 
rarely possible to diagnose small intestinal 
lymphosarcoma from roentgen study. This 
may be so in the individual case where the 
diagnosis may be extremely difficult. 
Nevertheless, study of a large number of 
these cases indicates that the diagnostic 
outlook is not as bleak as has been con- 
sidered. The presence of lymphosarcoma 
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can be suggested in a large percentage of 
cases. It is hoped that, with further study, 
the earlier changes will be recognized, 
perhaps altering the grave prognosis of this 
condition. 


Richard H. Marshak, M.D. 
Department of Radiology 
Mount Sinai Hospital 

New York, New York 
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EOENTGEN DIAGNOSIS OF LYMPHOSARCOMA 
AND RETICULUM CELL SARCOMA IN 
INFANCY AND CHILDHOOD* 


By ROBERT S. SHERMAN, M.D., and SORRELL L. WOLFSON, M.D 


NEW YORK, NEW YORK 


HALE. che roentgen findings in acute 
Y leakemia, neuroblastoma and other of 
the more common tumors and tumor-like 
lesions of the young appear to have been 
fully reported, a similar evaluation of 
general zed lymphosarcoma and reticulum 
cel! sarcoma apparently does not exist. In 
fact, only in scattered reports and short 
referenees does one find mentioned the 
various roentgen appearances enccuntered 
in thas relatively common group of neo- 
plastic diseases of childhood.*:7:!227:18.20.28. 
30.35 
The roentgen diagnosis of lymphosar- 
coma aad reticulum cell sarcoma in adults 
has beea discussed in regard to invo vement 
of bens,” thoracic contents?! gnd the 
gastroirtestinal tract, especially the stom- 
ach? and small bowel.? Because of the some- 
what d.fferent clinical features these dis- 
eases display in children,” and in view of the 
special problems of differential diagnosis 
which ta this age group face the roentgeno- 
logist, € more thorough and integrated ap- 
preach to tie roentgen identification of 
lymphosarcoma and reticulum cell. sar- 
coma ir infancy and childhood would seem 
to be indicated. 


MATERIAL 

Sixty charts filed under the designation 
of lymphosarcoma and reticulum cell sar- 
coma of patients 12 vears of age or vounger 
were first reviewed. These were in the 
period ‘rom January 1, 1928, to June 1, 
1958. Only cases having histologic proof of 
lymphosarcoma, reticulum cell sarcoma or 
follicular lymphosarcoma and having one 
or more negative bone marrow aspirations 
were zceepted. Consequently, the records of 





23 patients who had lymphosarcoma but 
who also had or developed leukemia were 
excluded. All acceptable cases had adequate 
roentgenographic coverage. The total num- 
ber of patients finally considered suitable 
for this study was 37. Twenty-four had 
lymphosarcoma; 12, reticulum cell sar- 
coma; and 1, follicular lymphosarcoma. In- 
cluded were 2 patients considered by us to 
have so-called primary reticulam cell sar- 
coma of bone. 

There were 26 males and 11 females. The 
mean age at the onset of the disease was 6.2 
vears with a range from 2 to 12 years. The 
mean survival rate was 22.3 months, with 
limits from 1 to 120 months. Ten of the 
patients are still living. Three of these are 
living 5.25, 7 and 10 years, respectively, 
and all are free of disease at present. Eight 
survived 4 years or longer. Eleven of the 27 
patients who died were autopsied. 

The diagnosis of Ivmphosercoma and 
reticulum cell sarcoma is, of aecessitv, a 
pathologic one, with clinical. recognition 
usually being made possible on the basis of 
exclusion of other diseases. The diagnosis 
in these cases was made from biopsv or 
autopsy material, and all of the histo- 
logic slides have been recently -eviewed bv 
a staff member of the Department of Path- 
ology. Most of these patients were included 
in the excellent clinical review of lympho- 
sarcoma in children by Rosenberg e al.” 
As they did, we use the term ' lymphosar- 
coma” hereafter to cover the three entities 
mentioned. 

As determined from all possible sources 
of reliable information, że., paysical and 
roentgenographic examinatiors, biopsy, 
surgical and postmortem examinations, the 
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sites of disease which were identified at one 
time or another during the course of the 
illness in the 37 cases are as follows: lymph 
nodes 25 (cervical 15, mediastinal 16, retro- 
peritoneal 15); pleura 5; bone 10; genitour- 
inary tract (other than kidney) 4; kidney 
10; lung 3; gastrointestinal tract 16 (intus- 
susception 6); pancreas 5; gallbladder 2; 
adrenal gland 3; heart and pericardium 2; 
tonsil 2; thyroid 2; skin 1; central nervous 
system I; adenoids I; nasopharynx 1; 
parotid gland 1. 

A correlation of these areas of involve- 
ment by lymphosarcoma with the ones that 
were revealed roentgenologically indicated 
that the radiologist was capable of demon- 
strating the majority of the lesions by 
roentgenologic methods. Consequently, the 
importance of thorough roentgen examina- 
tion, followed by careful interpretation, is 
readily apparent in lymphosarcoma. 

Charache? reported that lymphosarcoma 
comprised 6.3 per cent of 1,800 malignant 
tumors in children reported from 7 insti- 
tutions and 11 per cent of malignant tumors 
in children studied at the Brooklyn Cancer 
Institute over a 22 year period. Dargeon® 
noted that lymphosarcoma comprised 5 per 
cent of 583 malignant tumors in children 
treated at Memorial Hospital from 1926 to 
1950. These compilations and others 
demonstrate that lymphosarcoma in child- 
hood is not an uncommon form of neo- 
plastic disease. 

Rosenberg ef al.” found that the 5 year 
survival rate in 69 children was 17.4 per 
cent. Stout?? observed that in most patients 
lymphosarcoma may spread rapidly, but 
occasionally the progress is slow and the 
disease remains localized for a long period 
of time. Of 119 cases of lymphosarcoma he 
reported 12.7 per cent were symptom free 
after 10 years. Other investigators, Craver,® 
Diamond,'® Eisenoff e? al, Dargeon,? 
Rhoads,?* and Charache,’ have reported a 
few apparent cures. Stout?? and others*? 
have emphasized that, when the disease is 
localized (in other words, when the diag- 
nosis is made early), the response to treat- 
ment and the prognosis are better. This 
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points up the importance of roentgen diag- 
nosis in detecting small and early areas of 
tumor involvement. 


ROENTGEN FINDINGS 


There were 4 of the 37 patients whose 
roentgen examinations were negative. These 
examinations covered the chest, abdomen 
and bones and the studies spanned periods 
of time up to 4 years. All 4 patients had 
local disease in the neck and all are now 
living. 


BONES 


The roentgen examinations carried out 
on the 37 patients revealed g with involve- 
ment of the osseous system. The bone dis- 
ease was in 2 categories. Two cases seemed 
consistent with primary reticulum cell sar- 
coma of bone,!* while the larger number was 
thought to have the generalized type of dis- 
ease. Cases considered acceptable as pri- 
mary reticulum cell sarcoma of bone must 
show no evidence of tumor disease other 
than the single lesion of bone, as far as can 
be determined by all appropriate methods 
of examination. In addition, patients must 
fail to develop the disease elsewhere for a 
period of at least 5 months. In a group of 
17 cases of this form of the disease previ- 
ously reported,” the youngest patient was 
13 years of age and most were 20 or older. 

One case of primary reticulum cell sar- 
coma of bone roentgenographically showed 
a "mixed type” lesion, #.e., equal amounts 
of bone lysis and sclerosis (Fig. 1). After 
radiation treatment, the process became 
denser and more sclerotic. The second case 
having a “mixed type” roentgen appear- 
ance with periosteal reaction occurred in the 
distal femur, and it too showed improve- 
ment with the development of more sclero- 
sis after irradiation. 

Two of the patients having the general- 
ized form of bone involvement presented 
findings somewhat resembling those com- 
monly encountered in leukemia due to the 
symmetric distribution of bone destruction 
in the metaphyseal regions. Both had nega- 
tive marrow aspirations for leukemia at the 


Vor. 86, Mo. 4 
time of the bone invasion. One also pre- 
sented a localized area of destruction in an 
os calcis. The transverse bands of dimin- 
ished density at the metaphyses seen in 
acute leukemia were absent and the ex- 
tensiveness of the destruction as well as 
the degree of sclerosis were both considered 
to be uausual for leukemia (Fig. 2). Ap- 
parently, however, a leukemic type of bone 
involvement can sometimes be found in pa- 
tients wath generalized lymphosarcoma. 
Two children with Iymphomatous dis- 
ease elsewhere showed single osteolvtic 
defects resembling cancer metastases. In 
another, the involvement was irregularly 
placed n many bones and was of the 
"mixed tvpe," while in still another the 
scattered lesions were slightly sclerotic. 
The last case, which some might qualify as 
a primary reticulum cell sarcoma of bone, 





Fic. 1. F.O. Primary reticulum cell sarcoma of bone. 
Solitary, “mixed type" lesion in the femoral shaft. 
The disease did not become generalized until four 
vears later. 
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Fic. 2. P.G. Symmetric involvement at the 
metaphyses of all the large long bones. 

also showed the 
appearance. 

'This information discloses that the roent- 
gen findings of lymphosarcoma of bone, 
whether of the primary or secoadary vari- 
ety, are not diagnostically specific. How- 
ever, as has been pointed out previously,” 
the possibility of this disease being present 
is suggested when certain roentgen findings 
are encountered. The hit-and-miss charac- 
ter of the bone involvement, alomg with evi- 
dence of neoplastic involvement in other 
consistent sites such as lymph nodes, kid- 
neys and gastrointestinal tract. will often 
suggest the correct diagnosis of generalized 
lymphosarcoma. 


“mixed type’ roentgen 


KIDNEY 


Two of the 10 patients with known 
lymphomatous disease of the kidney had 
no roentgenograms of the urinery tract or 
abdomen. Six of the 8 who had roentgeno- 
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Fic. 3. S.S. Marked symmetric enlargement of the 
kidneys, particularly in the cortical zones. 


graphic examination showed bilateral, more 
or less symmetric enlargement of the kid- 
neys. The enlargement was usually moder- 
ate in degree, the kidneys appearing 2 to 4 
times their normal size. Most of these pä- 
tients had more than 1 excretory urogr aphic 

xamination. Two with scout roentgeno- 
grams of the abdomen only and 1 with an 


excretory urogram showed some degree of 


loss of the kidney outline due to either 
ascites or massive intraabdominal disease. 
Obstruction of one ureter and failure to 
identify any kidney outline were other 
roentgen findings. 

As seen on the pyelographic studies the 
typical roentgen appearance of lympho- 
sarcomatous invasion was bilateral, fairly 
symmetric enlargement of the kidney sil- 
houettes, a relative widening of the cortical 
area and some slight lengthening and thin- 
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ning of the infundibula of the minor and 
major calyces. There was no significant 
alteration in the appearance of the kidney 
pelvis (Fig. 3). A localized defect marked 
by local calyceal deformity and enlarge- 
ment with absence of function developing 
later presented the only instance of a bulky 
solitary defect of the kidnev due to the 
tumor. The roentgen appearance in the 
majoritv, therefore, bore a close resem- 
blance to that in children with acute leu- 
kemia, as has been described." 

The patients with kidnev involvement 
had negative laboratory tests for urinary 
tract disease. In 1 instance, the enlarge- 
ment disappeared entirely following treat- 
ment, the taking on a normal 
roentgen appearance (Fig. 4, 4 and B). 
This improvement took place within a 9 
month interval. We have observed generally 
similar roentgen findings and a similar 
response following therapy in adults. 

Lymphosarcomatous involvement of the 
kidneys in the voung must be differentiated 
roentgenologically from bilateral polycystic 
The relative widening of the cor- 
tex and the absence of any striking degree 
of calyceal alteration both favor lympho- 
sarcoma. Also, the kidney outline shows no 
lobulation and the pelvis is not deformed. 
Response to local irradiation or systemic 
treatment takes place with lymphosarcoma. 
Obviously, it is impossible to distinguish 
roentgenologically between leukemic and 
lymphosarcomatous disease of the kidneys. 

A survey of the literature dealing with 
lymphosarcom: itous involvement of the 
ana revealed only a few reports. How- 
ever, Ewing? found in postmortem exam- 
inations that the kidney is a favorite site 
for lymphosarcoma. He noted that “the 
deposits may take the form of minute foci, 
bulky masses or diffuse infiltration." Bald- 
ridge and Awe! reviewed 150 cases of 
lymphoma but reported only 1 with lym- 
phosarcoma of the kidney proved histo- 
logically. Excretory urography was not 
done on this patient. Gowdey and Neu- 
hauser reported on 3 cases of acute lym- 


kidnevs 


disease. 
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phoeytic leukemia with kidney involve- 
ment. Tae kidneys, as revealed by excre- 
tory urcgraphy, showed symmetric and 
generalized enlargement. Histologically, the 
nephrons were separated by massive leu- 
kemic infiltration, primarily of the cortex. 
Barmey? 3oted kidney involvement in 18 of 
23 cases of lymphoblastoma of the urinary 
tract coming to autopsy. No urographic 
examina-ions were done on any of these 
patients. Freifeld" reported a case of 
lymphoblastoma of the kidney in a 17 
vear old male. However, this patient had 
so per cent immature cells in the peripheral 
blood and similar cells also were numerous 
in the bone marrow. On excretory urog- 
raphy, tae kidneys were found to be gen- 
erally erlarged and microscopic examina- 
tion at autopsy showed infiltration of the 
cortex w th leukemic cells. 

The g-oss pathologic description of the 
kidneys n this series was summarized for 
us b» Dr. Stephen Sternberg of the Depart- 
ment of Pathology. He stated that in 
lymphosircoma there was no single char- 
acteristic or uniform pattern of kidney 
involven ent. However, small and numer- 
ous nodular deposits seemed to predomi- 
nate, although a few times a somewhat local- 
ized or balky mass was found. 


LIVER AND SPLEEN 

Enlargement of the liver and spleen were 
noted rozntgenologically only 3 times. En- 
largemert of the spleen only and of the 
liver on'y was present once. The roent- 
genologist sometimes is able to detect 
splenic enlargement not clinically evident, 
because splenomegaly can assume a more or 
less spherical form, rather than the usual 
downward enlargement which makes the 
lower poe easily palpable. However, some- 
what to our surprise, it appeared that 
neither splenomegaly nor hepatomegaly 
were particularly helpful signs in identifv- 
ing lymphosarcoma in the young. 


LYMPH NODES 


Almost 50 per cent of the patients showed 
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Vic. 4. G.C. (4) Moderately and symmetrically en- 
larged kidneys, July 23, 1956. (B) A most normal 
appearance after treatment, May 8, 1957. 
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Vic. c. R.G. Large mediastinal mass due to 
lymphosarcoma. 


roentgen evidence of lymph node enlarge- 
ment. This was usually in the chest, par- 
ticularly in the mediastinum (Fig. 5). The 
roentgen characteristics of lymphoblasto- 
matous involvement in the lymph nodes of 
the thorax in adults have been thoroughly 
described and need not be reviewed here. 
The findings in children are similar. 

The abdomen was the next most common 
site of lymph node enlargement detectable 
roentgenographically. In confirming this 
form of lymphosarcoma, a previously nega- 
tive scout roentgenogram for reference is 
of great value. Good technique is a major 
requirement. Obscuration of organ out- 
line, areas of increased density and dis- 
placement of known structures are the chief 
alterations to search for as indicative of 
lymphadenopathy. Generally speaking, the 
roentgenologic examination is extremely 
helpful and in fact a necessity in the evalua- 
tion of abdominal masses in children. 

Following the scout roentgenogram of 
the abdomen, the next logical step in the 
roentgen appraisal of the abdomen in 
lymphosarcoma is excretory urography. 
Minor alterations in the position and course 
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of the ureters as seen in the sagittal projec- 
tion should be interpreted with some cau- 
tion, because by tracing normal ureters we 
have found that a fairly wide variation is 
possible. An abrupt deviation usually is 
more significant than a smooth, general 
deviation from the expected normal. Next, 
the gastrointestinal series, with particular 
attention to the position and contour of the 
duodenal loop, may be helpful. Retroperi- 
toneal air injection, aortography and sim- 
ilarly complex studies do not seem to be 
indicated in children with malignant lvm- 
phomas. 

Abdominal fluid was suspected in 7 cases, 
pleural effusion in 5, and in 4 fluid was 
thought to be present in both of these body 
cavities. 

GASTROINTESTINAL TRACT 

The greater incidence of gastrointestinal 
tract invasion in children as compared to 
adults has been pointed out.” Ten patients 
roentgenologically showed one or more 


areas of lymphosarcoma in the gastroin- 
testinal tract. Usually the lesions were poly- 
poid and infiltrating in character, giving the 
roentgen appearance of cancer (Fig. 6). 
One aspect to be emphasized is the fre- 





m 


Fic. 6. H.H. Involvement of the second portion of 
the duodenum. There was an accompanying mass 
in the right upper quadrant. 
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quency with which gastrointestinal tract 
involvement by lymphosarcoma presented 
as an emergency in this age group. There 
were 4 patients with intestinal intussuscep- 
tion (Mig. 7) who had roentgenograms 
available for study, and 2 additional pa- 
tients presented this symptom complex. 


LUNG 


The lang is not infrequently involved by 


lymphosarcoma in adults, but only § of 


these veung patients showed this feature 
as dete-mined by the roentgen findings. 
Two had rather small, ill-defined, nodular 
infiltrates, while 3 presented a more 
patchy or bronchopneumonic-like pattern. 
Certain y nothing specific about the roent- 
gen appearance of lung invasion by this 
group © neoplasms was noted (Fig. 8). 


OTHER SITES 
Some of the more unusual sites of disease 
were the nasopharynx, ovary, mandible, 
sphenoid bone and duodenum. In all these 
areas roentgen evidence of the cancer was 
presen. 





ascending 


. A mass in the cecum and 
colon with intussusception. 
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Vic. 8. J-A. An irregular mass in the right lower lung 
field with lymphadenopathy in the mediastinum 
and left lower cervical region. 


DISCUSSION 

There is very little that is specific in the 
single, localized deposit of lymphosarcoma, 
wherever it may be located in the body. 
The somewhat characteristic roentgen ap- 
pearance in primary reticulum cell sarcoma 
of bone is encountered infrequently. The 
findings in the kidney are perhaps more 
helpful, as they are more often seen. A pat- 
tern of symmetric and generalized enlarge- 
ment would seem to be highly indicative 
of lymphosarcoma when it is accompanied 
bv roentgen evidence of tumor in other 
sites. If the kidney involvement is noted 
alone, then its close resemblance to leu- 
kemic invasion of the kidneys would make 
differentiation between these ciseases im- 
possible. 

A main point in the roentgen liagnosis of 
lymphosarcoma, therefore, is that, while 
one must be acquainted with she appear- 
ance of the individual lesion as it involves 
various organs, the diagnosis is usually 
made more on the basis of the multiple sites 
of involvement and their irregular sequence 
and haphazard arrangement in the body. 

Patients who exhibit localized lympho- 
sarcoma clinically, z.e., cervical or axillary 
lymphadenopathy, should have as a min- 
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imal roentgen examination a roentgeno- 
gram of the chest and a scout roentgeno- 
gram of the abdomen, in addition to a 
thorough study of the local area itself. For 
those with more widespread disease, skele- 
tal survey, excretory urography and gastro- 
intestinal tract examinations should be car- 
ried out. Furthermore, periodic studies of 
these various regions are indicated be- 
cause of the tendency of lymphosarcoma to 
progress and appear in new sites. The chest, 
skeleton and abdomen are areas where a 
roentgen survey is most likely to uncover 
lymphosarcomatous involvement not read- 
ily apparent clinically. 

Roentgenologically, a differential diag- 
nosis from Hodgkin’s disease would be im- 
possible. However, the age limit in lympho- 
sarcoma tends to extend somewhat lower, 
with Hodgkin’s disease in childhood being 
less common than lymphosarcoma. 

Neuroblastoma beginning in ganglionic 
tissue tends to act more like a primary ma- 
lignant tumor than one of multicentric 
origin. Usually the primary site is the 
adrenal gland. In 40 per cent of the cases 
the primary focus roentgenologically shows 
calcification.” This fact plus the charac- 
teristics of the primary mass will often im- 
mediately distinguish this disease from 
abdominal lymphosarcoma. Calcification 
with a lymphosarcomatous deposit was 
not found in this series, even after treat- 
ment had been given. In neuroblastoma, 
the metastases to bone tend to be more fre- 
quent and widespread. They are usually 
symmetric and metaphyseal.” This is quite 
dissimilar to the irregularly scattered dis- 
tribution of the bone lesions in lymphosar- 
coma. Generally speaking, therefore, when 
these two diseases are well advanced, their 
differential diagnosis is easy. 

Wilms’s tumor, with its primary involve- 
ment of one kidney and its tendency to 
metastasize to the lungs, yields quite dif- 
ferent roentgen findings from lymphosar- 
coma. The renal findings particularly are 
conspicuous, because they are almost al- 
ways unilateral and localized. 
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The osseous lesions: typical of acute leu- 
kemia in children are not encountered in 
lymphosarcoma, although in an occasional 
instance a slightly similar type of involve- 
ment of the bones may occur.” It appears, 
therefore, that most cases of lymphosar- 
coma, particularly if multiple sites of in- 
volvement are present, would be readily 
distinguishable  roentgenologically from 
acute leukemia. 


SUMMARY 


1. Thirty-seven proved cases of lympho- 
sarcoma in children have been reviewed in 
order to determine the roentgen findings in 
this group of diseases. 

2. The roentgen appearance of lympho- 
sarcoma of the kidneys and of primary re- 
ticulum cell sarcoma of bone may at times 
suggest the diagnosis. 

3. The correct roentgen diagnosis will us- 
ually rest upon the finding of multiple 
areas of tumor disease in several different 
organs and the irregularity and asymmetry 
of the involvement. 

4. Children with known lymphosarcoma 
should always have chest and abdominal 
roentgenograms, regardless of the location 
of the primary site or how localized the dis- 
ease seems to be clinically. 

5. Once a bone lesion is detected in 
lymphosarcoma, a skeletal survey is indi- 
cated. 

6. Generally speaking, lymphosarcoma, 
one of the more common neoplasms of 
childhood, can usually be distinguished 
roentgenologically from neuroblastoma, 
Wilms’s tumor, leukemia and other neo- 
plasms of childhood, particularly when 
these diseases are advanced. 

7. Six of the cases with kidney disease 
revealed bilateral, symmetric renal en- 
largement in spite of negative tests for 
urinary tract disease and negative bone 
marrow examinations for leukemia. 


Robert S. Sherman, M.D. 

Memorial Sloan-Kettering Cancer Center 
444 East 68th Street 

New York 21, New York 
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METASTATIC BREAST CARCINOMA SIMULATING 
ULCERATIVE COLITIS 


REPORT OF A CASE 
By GILBERT S. MELNICK, M.D., and MITCHELL J. ROSENHOLTZ, M.D. 


MINNEAPOLIS, MINNESOTA 


I N A recent discussion, a variety of types 

of involvement of the colon by meta- 
static lesions was presented. We have had 
occasion to examine the roentgenograms 
and pathologic specimens of a patient with 
metastatic disease to the large intestine 
which showed roentgenographic signs of 
inflammatory rather than of neoplastic dis- 
ease. 


REPORT OF A CASE 


R.R. was a fifty-nine year old white woman 
who was admitted to the University of Minne- 
sota Hospitals on November 11, 1957. 

The patient had had a right radical mastec- 
tomy for carcinoma ten years previously. Two 
years later, because of metrorrhagia, a hyster- 
ectomy had been performed. 

Five years before admission the patient had 
developed constant epigastric pain, intensified 
by heavy meals and relieved by aspirin. This 
subsided three years later. Diarrhea had then 
developed, with fve to eight defecations per 
day. At the time of admission the patient was 
having five bowel movements daily, most fre- 
quently at night. There was no pain. Stools 
were described as watery, without blood or 
mucus. 

For three years the patient had noticed in- 
creasing fatigue, weakness and anorexia with at 
least a fifty pound weight loss. About two 
weeks before admission she began to notice 
abdominal swelling and shortness of breath. 
Swelling of the left lower extremity had been 
present for one week. For several years she had 
noticed nodules in the skin. 

Physical Examination. Vital signs were nor- 
mal. The skin was pale. Numerous nodules, 
from 0.§ to 1.0 cm. in diameter, were scattered 
over the anterior and posterior trunk and upper 
arms. These were located predominantly on the 
right, in the area of the absent breast. Marked 
abdominal distention was present. There was a 
midline lower abdominal scar. A reducible 
hernia was present below the umbilicus. A hard, 


nodular mass could be palpated through the 
hernia superiorly and to the right. The mass 
was not movable and was thought to represent 
a tumor or intestine involved by tumor. The 
liver was not palpable. There was evidence of 
free fluid. 

Laboratory Examination. Hemoglobin was 7.0 
gm. per cent; white blood cells, 6,000, with a 
normal differential count; a stool specimen was 
grossly bloody. 

Roentgen Studies. Chest roentgenograms 
showed an absent right breast, high diaphragm, 
and extensive osteolytic bone metastases but no 
pulmonary metastases. Roentgenograms taken 
during an examination of the colon at another 
hospital on June 8, 1957 were reviewed (Fig. 1, 
A, Band C). They were interpreted as showing 
changes throughout the colon consistent with 
long standing chronic ulcerative colitis. 

Hospital Course. The patient was considered 
to have metastatic breast carcinoma, but the 
origin of the abdominal problem was in doubt. 
The most likely possibilities were metastatic 
breast carcinoma to the peritoneal cavity, meta- 
static ovarian carcinoma, or carcinoma of the 
colon secondary to ulcerative colitis. Therapy 
consisted of paracentesis, cortisone and stil- 
besterol. A skin nodule was excised and re- 
ported as “metastatic carcinoma of the chest 
wall, which is of glandular origin and resembles 
the scirrhous type.” Bloody diarrhea continued 
and because of the onset of hematemesis steroid 
therapy was halted. Blood transfusions were 
given as required. The patient continued to de- 
cline and expired on December 1, 1957. 

Autopsy Findings. Subdermal metastases were 
noted, many of which were near the mastec- 
tomy scar. : 

Peritoneal carcinomatosis was quite striking. 
About 75 per cent of the stomach wall was 
thickened, showing the picture of linitis plas- 
tica. There were, in a particularly thickened 
area just proximal to the antrum, two punched 
out areas of ulceration in the gastric mucosa, 
the larger measuring 8 mm. The colon showed a 
“lead pipe” configuration, having very straight 
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Fic. 1. (4) Pre-evacuation and (B) post-evacuation roentgenograms of the colon. (C) Spot roeatgenogram of 
the rectosigmoid. Typical changes of ulcerative colitis are demonstrated. Note the “ulcerations” in C. 
Lytic bone metastases are present. 
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Fig. 2. Photomicrographs of sections of the colon: (4) mucosa, X 100; (B) mucosa, X 440; (C) muscularis, 
X106; and (D) muscularis, X 440. Note the diffuse tumor cell infiltration of the mucosa and muscle. There 
are persisting normal glands which are autolyzed but do not show the changes of ulcerative colitis. 


and obviously shortened segments. The lumen The mucosal lining appeared smooth and shiny. 


was small, approximately 1 cm. in diameter The microscopic changes in the colon (Fig. 2, 
throughout, but the wall was markedly thick- —..7-), stomach, and bladder were quite com- 


ened, up to as much as 8 mm., from the cecum parable in that each showed diffuse infiltration 
to a point well below the peritoneal reflection. of the mucosa, submucosa and muscle by malig- 
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naut ep thelial cells, for the most part separate 
one from the other. Some of the tumor cells 
contained cytoplasmic vacuoles which dis- 
plazed the nucleus to one side to form “‘signet- 
ring” eclls. None of the colon sections showed 
chenges compatible with ulcerative colitis. 
Other sites of metastases included numerous 
lymph node chains, the left breast, visceral 
pieara, iver, spleen, left kidney, bladder, peri- 
tomeum. retroperitoneum, bone marrow and 
right ovary. There was bilateral hy oe 
sis, mors marked on the left, apparently related 
to external ureteral compression by neoplastic 
involvement of the retroperitoneum. 


DISCUSSION 


Lesicns of the colon having the gross ap- 
pecran-e of linitis plastica and a micro- 
sccpic picture of diffuse epithelial tumor 
cel infiltration of the mucosa, submucosa 
and muscle have been described. Our 
perusal of the literature revealed 5 such 
les:ons interpreted as primary carcinoma in 
the colen?? and 17 interpreted as unusual 
metastases from gastric carcinomas of the 
lin:tis plastica type. 34691112 Only 4 cases 
have been described which, in our opinion, 
represeat metastatic carcinoma to the 
colon from the breast.?:? 

In 1cog, Farov? probably noted the first 
such case, a forty-one year old woman who 
had had vague gastric complaints for one 
ver. *t autopsy there was a 6 cm. hard 
mass, which was fixed to the skin, in the 
rigat breast. There were numercus sub- 
cutanecus nodules as well. The colon 
shewed some patchy areas of narrowing 
associied with thickening of the wall, 
whle the stomach grossly demonstrated 
str. king thickening of the walls. The micro- 
scopic examination of the stomach, the 
only organ studied by microscopy, showed 
necplastic cells in the mucosa aad sub- 
MUTS 

The second case described as metastatic 


carcinoma from the breast was that of 


Jorgensen in 1935 His patient showed a 
linitis E pattern in the stomach, seg- 
meats of the colon, the ureters and the 
reccovazinal septum. Microscopically, he 
found these Bs sues, as well as the myo- 
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cardium, infiltrated by large, well-circum- 
scribed, tumor cells. He stressed that these 
cells stuined positively with mucicarmine 
and infiltrated the involved structures 
without producing a significant reaction in 
the surrounding tissue. 

Fischermann? has recently described 
other cases of metastatic carcinoma of the 
breast, one infiltrating the muscle of the 
stomach and the second the nauscle layers 
of the stomach, rectum, sigmoid colon, 
uterus, and uterine tubes. In each of his 
cases the patient’s chief complaint was 
some variant of “dyspepsia.” Jórgensen's 
patient, too, in addition to noticing the 
presence of a breast mass, conrplained first 
of fatigue, diarrhea, and "gastric influ- 
enza," with vomiting, at least fourteen 
months before her death. In Fischermann's 
second case a colostomy had been per- 
formed nine months prior to death for 
what was mistakenly thought to be a pri- 
marv carcinoma of the rectum. In our case 
also, the patient had had diarrhea for three 
years prior to death, that complaint being, 
in retrospect, the first definite sign of meta- 
static carcinoma. 

The roentgenographic findings in this in- 
stance very accurately simulated those of 
advanced ulcerative colitis, namely, loss of 
the normal mucosal pattern, less of haust- 
ral markings and decrease in the size of the 
colon, both of the lumen and the over-all 
length. A variation of the shortened, 
narrowed colon, called the “linked sausage 
appearance" in Bockus' text." was also 
seen in this case. Interestingly, though the 
roentgen appearance was that of multiple, 
minute ulcerations, especially demon- 
strated on the spot roentgenogram of the 
rectosigmoid, none were actually present. 
Presumably, this roentgen finding was pro- 
duced by the fixed buckling of the mucosa 
secondary to the involvement of the entire 
thickness of the colonic wall by metastatic 
tumor. 

Similar roentgen appearances of linitis 
plastica in the colon have been reported. In 
the first case of Laufman and Saphir? there 
had been a long (twenty-three year) history 
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of ulcerative colitis. Therefore, though the 
pathologic findings were of diffuse scirrhous 
carcinoma, it would have been impossible 
to determine whether the colitis or the car- 
cinoma caused the roentgen changes. Kar- 
stens and Bargen! reported 2 cases without 
a clinical history of ulcerative colitis that 
showed roentgen findings of ulcerative 
colitis. In both, operation revealed exten- 
sive scirrhous carcinoma involving the 
stomach and colon. On a statistical basis it 
was likely that the primary disease was in 
the stomach in both cases. Sussman” 
similarly reported 2 cases of coincident 
carcinoma of the stomach and colon with 
the primary most likely in the stomach. 

Our case, then, might represent a pri- 
mary carcinoma of the stomach, colon or 
breast. The over-all duration of the pa- 
tient's disease and the appearance of 
nodules in the skin, some in the mastec- 
tomy scar as well as in distant sites, support 
the premise that this was primary in the 
breast, especially since there was a history 
of breast carcinoma. Thus, this is the fifth 
reported case of metastatic carcinoma from 
the breast with the unusual clinical, roent- 
genologic and morphologic changes de- 
scribed. 


SUMMARY 


A case of metastatic carcinoma of the 
breast with unusual visceral metastases is 
described. The roentgenologic changes in 
the colon are indistinguishable from those 
of chronic ulcerative colitis. 

Gilbert S. Melnick, M.D. 


55 Spring Garden Street 
Hamden, Connecticut 


We wish to thank Dr. James R. Dawson and 
Dr. Harold O. Peterson for their valuable 


Gilbert S. Melnick and Mitchell J. Rosenholtz 


OcronEzx, 1961 


criticism and suggestions. This case is pub- 
lished with the permission of Dr. B. J. Kennedy 
of Minneapolis and Dr. J. P. Medelman of 
St. Paul, Minnesota. 
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NEW ROENTGENOLOGIC SIGNS OF CARCINOMA 
OF THE URETER* 


B» HARRY BERGMAN, M.D., RICHARD M. FRIEDENBERG, M.D. 
and VICTOR SAYEGH, M.D. 


BRONX, NEW YORK 


L PYELOGRAPHY, as so often hap- 
pens in clinical medicine, no absolute 
vardstick exists by which to differentiate 
minor variations of normal from minor or 
earlv changes of the abnormal. We are 
forced to evaluate the variations in each 
segment of the urinary excretory tract and 
try to determine whether the minor altera- 
tions seen on roentgenograms are signifi- 
cant enough to support the presumptive 
clinical diagnosis. 

Our study is an attempt to evaluate the 
present concepts for early diagnosis of 
ureteral carcinoma, and to illustrate certain 
specific changes which we have found help- 
ful. 

When faced with a patient presenting the 
clinical symptoms of painless or recurrent 
hematuria, it must be axiomatic that the 
intravenous pvelogram must not be con- 
sidered norma! unless the entire ureter is 
completely and satisfactorily visualized 
from the renal pelvis to the ureterovesical 
junction. The greatest cause of misdiag- 
nosis is the labeling of an intravenous 
pyelogram as normal when the entire ureter 
is not visualized; what appears to be an 
area of peristalsis may, in fact, be a ure- 
teral defect. 

In cur series, we have seen 4 apparently 
normal intravenous pyelograms on which 
the ureter above and below the lesion re- 
vealed no evidence of dilatation, but at the 
site of the lesion a short segment of the 
ureter was not visualized. For an adequate 
evaluation retrograde pyelography must be 
performed when space defects in the ureter 
are observed on intravenous pyelograms. 

We would like to present two findings of 

arcinoma of the ureter not previously em- 
phasized: 





1. The kidney and ureter atove the site 
of the ureteral tumor may be entirely 
normal. Most textbooks?? emphasize the 
presence of severe hydronephresis or a non- 
functioning kidney as the primary finding 
in ureteral carcinoma. The degree of hydro- 
nephrosis is simply an expression of the 
degree of obstruction produced by the 
lesion and therefore small and occasionally 
large lesions may produce almost no 
ascending obstruction. One cinnot corre- 
late the degree of obstruction with the size 
of the tumor but, in general, later stages 
of the disease will be more likely to present 
obstruction. In our series, as previously 
stated, approximately one-half of the cases 
presented normal appearing upper urinary 
tract and ureters on intravenous pyelo- 
grams. 

2. On the retrograde study, we have ob- 
served a peculiar coiling of the catheter 
which occurred just below the site of the 
lesion. The mechanism of this coiling will 
be explained later. 

In a previous publication! ws noted that 
with the development of more adequate 
diagnostic techniques, the clin cal recogni- 
tion of ureteral tumors has »ecome less 
difficult. Primary neoplasms o: the ureter, 
formerly considered rare, have been recog- 
nized in ever increasing numbers.!! Senger 
and Furey? state that 86.5 oer cent of 
tumors of the urinary epitheliim occur in 
the bladder, while 8.4 per ceat occur in 
the renal pelvis and ureter. Focrd and Fer- 
rier? calculate that about 1 der cent of 
carcinoma in the upper urinary tract origi- 
nates in the ureter. 

In the history of this lesion, Rayer of 
France described the first case in 1842; 
however, it was not till 1878 taat the first 


* From the Departments of Urology and Radiology, Lebanon Hospital, Bronx, New York. Presented at the 5ixty-first Annual 
Meeting ef che American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960, 
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histologically proved case was reported by 
Wising and Blix. As recently as 1934! only 
68 acceptable ureteral malignancies were 
reported, but bv 1gs5 this number had 
risen to 333 as reported by Savignac.’ It 
Is safe to assume that the present number 
is well over £00 cases. 

Seventv-five per cent of ureteral neo- 
plasms are carcinoma while 21 per cent are 
classified as benign papillomas. This is 
questioned, as many pathologists consider 
all urinary tract papillomas as papillary 
carcinoma Grade 1. The remaining 4 per 
cent constitute the rare group of sarcomas, 
hemangiomas or fibromas. 

Renner? uncovered onlv 3 cases of pri- 
mary ureteral neoplasm in 13,000 necrop- 
sies at the Vienna Pathological Institute. 
Two cases were found in 1934 at Johns 
Hopkins Hospital in 22,000 urologic admis- 
sions. At Bellevue Hospital between 1904- 
1935, only r case was reported in 22,810 
autopsies, and at the Chicago Cook County 
Hospital between 1930-1951, only 4 cases 
were reported in 26,400 necropsies. 

Before discussing our cases, we would 
like to review briefly the pathogenesis and 
symptomatology of ureteral carcinoma. 

The etiology of ureteral epithelial tumors 
is unknown, but it is closely related to that 
of renal and vesical epithelial tumors. All 
theories pertaining to the genesis of car- 
cinoma in other systems also apply here. 
They occur primarily in males (66 per 
cent) between the fourth to seventh decades 
with 75 per cent occurring in the lower third 
of the ureter. 

The most frequent findings and symp- 
toms are hematuria, pain, a palpable mass 
in the renal area and a mass defect visual- 
ized on the pyelogram.'? Hematuria is 
present in approximatelv 75 per cent of 
cases, a palpable mass (hvdronephrotic 
kidney) in 40 per cent and pain, secondary 
to distention of the ureter, in approximately 
50 per cent of cases. In most of the reported 
series of cases, the correct preoperative 
diagnosis was made in approximately 50 
per cent.* We feel that with an awareness 
of the clinical picture and proper utiliza- 
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tion of intravenous and retrograde pyelog- 
raphy, the diagnostic accuracy can be 
markedly improved. 

We have mentioned two ciagnostic aids; 
namely, the importance of visualizing the 
entire ureter since smaller lesions which are 
nonobstructing will present a normal sized 
ureter and kidney as in 4 of our cases, and 
the coiling of the catheter at the site of the 
lesion (Fig. 1,7). To our knowledge, this 
latter finding has never been previously 
described. We explain its mechanism as 
follows: 

In the case of mechanical obstruction of 
the ureter, such as occurs bv a calculus, the 
ureter below the site of the obstruction 
would tend to collapse (Fig. 1 B). Following 
obstruction bv an expanding intraluminal 
tumor mass, such as a primary ureteral 
carcinoma, the lumen of the ureter directly 
above and below the lesion will gradually 
expand due to tumor growth. Upon passing 
a retrograde catheter, we have observed 
that the size of the lumen directly below 
the tumor is increased sufficiently so that 
when the catheter 1s impeded by the tumor 
mass, it tends to coil within the lumen, and 
will either remain at this site or, after 
coiling, pass above the tumor mass. This 
characteristic coiling occurred in approxi- 
matelv half of our cases and has been of 
considerable aid in suggesting the presence 
of an expanding lesion of the ureter. 


REPORT OF CASES 


Case 1. A fifty-seven year old female (the 
only female in our series) had gross hematuria 
several times over a period of one year. Her 
original work-up was for hemorrhagic cystitis 
and retrograde pyelography was reported as 
normal, A subsequent intravenous pyelogram, 
one year later, was “normal” except that the 
lower half of both ureters did not visualize (Fig. 
2). A retrograde pyelogram at this time (Fig. 3) 
revealed a defect in the middle third of the right 
ureter with an essentially normal upper tract. 
'The lesion proved to be a papillary carcinoma 


(Fig. 4). 


Case ir. A seventy-one year old male was ad- 
mitted with hematuria and symptoms of sepsis 
one month previously. Intravenous pyelogra- 
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Fic. 1. Case t. (4) Localized dilatation of the ureter below the tumor allowing space for catheter coiling 
(B) Collapsed ureter below calculus. 





Fic. 2. Case 1. Essentially normal intravenous uro- 
gram, but the lower half of the ureter is not Fic. 3. Case 1. Retrograde urogram revealing filling 
visualized. Note the absence of hydronephrosis defect in the middle third of the right ureter. Again 
and hydroureter. note the absence of dilatation above the lesion. 


Fic. 4. Case 1. 
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Surgical specimen of the papillary carcinoma in the middle third of the ureter. Note the 


completely normal kidney and ureter above the tumor. 


phy revealed a poorly functioning left hydro- 
nephrotic kidney. Retrograde pyelograms dis- 
closed the typical coiling of the catheter at the 
site of the lesion (Fig. 5 and Fig. 6). At surgery 
an intraluminal papillary carcinoma with asso- 
ciated marked hydroureter and hydronephrosis 
was found (Fig. 7). 


Case 11. A fifty-three year old male was ad- 
mitted because of gross painless hematuria. 
Intravenous pyelography revealed no function 
on the left side. The right side was normal. A 
cystoscopy disclosed a lesion at the uretero- 
vesical junction preventing retrograde pye- 
lography of this side. At surgery a lzrge papil- 
lary carcinoma with associated hydroureter and 
hydrorephrosis was found (Fig. 8). 


Case iv. A sixty-three year old male pre- 
sented himself with a three week history of 
right lower abdominal colicky pain and gross 
hematuria. Retrograde pyelograms demon- 
strated the typical coiling effect (Fig. 9). There 


was hydroureter and hydronephrosis above 
this. At surgery the lesion was found to be a 
large fungating intraluminal papillary adeno- 
carcinoma of the lower third of the ureter with 
marked hydroureter in the segment proximal to 
the lesion (Fig. 10). 


Case v. A sixty-three year old male presented 
a three day history of hematuria and mild pain 
on the left side of the abdomen. An intravenous 
pyelogram appeared essentially normal, but the 
lower third of the left ureter did not visualize. 
Retrograde pyelograms revealed the typical 
coiling of the catheter (Fig. 11); the upper 
tract appeared normal (Fig. 12). Surgerv re- 
vealed a lesion which had caused slight dilata- 
tion of the ureter, just above the tumor, but 
the rest of the ureter and kidney was normal. 
On histopathologic study this proved to be a 
papillary carcinoma (Fig. 13). Four and one- 
half years after the original ureteral surgery, 
the patient returned and examination showed 
a solitary superficial bladder metastasis. 
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Case vi. A forty-eight year old male was ad- 


mitted with right flank pain and hematuria of 


two mon-hs' duration. The upper urinary tracts 
were essentially normal on intravenous Py elo- 
grams. A small cupping defect was noted in the 
mid-port on of the right ureter on one roent- 
genogram (Fig. 14). 

A retregrade pyelogram revealed large filling 
defects c^ the lower third of the right ureter 
with an essentially normal ureter and kidney 
above the lesion (Fig. 15). On histopathologic 
examinaton a papillary carcinoma was found 
(Fig. 16). 


Case vir A fifty-nine year old male pre- 
sented gross painless hematuria of several days’ 
duration. An intravenous pyelogram was re- 
ported as normal (Fig. 17) but the lower ureter 
nct visualized. Cystoscopy revealed a 
papillary carcinoma of the lower ureter, pro- 
truding from the orifice. 


Was 


PATHOLOGY 


Primary tumors of the ureter can be sub- 
divided mto two main groups; namely, (A) 
epitheb:l and (B) mesodermal. These can 


Fic. 5. Case rr. Catheter exhibits typical coiling at 
the site of the tumor. 


Carcinoma of the Ureter 





Case ir. 
nephrosis above the lesion are vmuczlized. 
tumor causes a filling defect at the pelvic segment 
of the left ureter. 


Marked hydroureter and hydro- 
The 


Fic. 6. 


be further subdivided into (1) malignant 
and (2) benign. 

A.(1) Primary malignant epithelial tu- 
mors are classified as (a) papillary carci- 
noma of low grade malignancy, (b) papillary 
carcinoma of high grade malignancy, and 
(c) infiltrating type. These tumors are usu- 
ally unilateral, with approximately two 
thirds occurring in the lower third of the 
ureter. They metastasize more rapidly than 
other similar bladder tumors because of the 
greater lymphatic supply of the ureter and 
the thinness of the ureteral wall, allowing 
for quicker permeation. The usual sites of 
metastases in order of frequency are re- 
gional lymph nodes, liver, lumbar verte- 
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Fic. 7. Case rr. Surgical specimen of the papillary carcinoma with marked hydroureter and hydronephrosis. 





Fic. 8. Case ur. Surgical specimen of the large papillary carcinoma at the lower end of the left ureter with 
associated hydronephrosis and hydroureter. 
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Fic. €. Case tv. Coiling of the ureteral catheter with 
localized dilatation of the ureter at the site of the 
leston, and a filling defect and cupping are 
visualized. 


brae, lungs, kidney and adrenal glands. 
A.(2) The true benign tumors of the 
ureter consist of polyps, of which 72 cases 
have been reported in the literature.’ The 
so-called benign papillomas are classthed by 
yany pathologists as malignant lesions. 
B.(1) Primary malignant tumors of mes- 
dermal origin include the sarcomas which 
are exceedingly rare and have a very grave 


prognosis. 





B.(2) Benign mesodermal tumors such 
as fibromas and endometriosis of the ureter 
re extremely rare. 





lic. 10. (below) Case 1v. Surgical specimen of the 
papillary adenocarcinoma showing dilatation 
proximal to the lesion. 








liG. 11. Case v. Retrograde pyelogram showing the 
typical coiling of the catheter at the site of the 
lesion. 


PROGNOSIS 


Because ot the small number of cases and 
inadequate follow-up, a true evaluation is 
difficult. It is generally accepted that any 
patient living more than four years has a 
favorable prognosis.’ In our series, one case 
is alive nine years and several are approach- 
ing five vears. Only one is dead. 

TREATMENT 

The best treatment has proved to be 
radical surgery. Radiation therapy has not 
been effective either in the primary or 
metastatic lesion. 

The type of surgery performed depends 
on the patient’s general condition, extent 
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and location of the tumor, the presence or 
absence of metastases and the condition of 
the opposite kidney. A total nephro- 
ureterectomy and a partial cystectomy is 
the usual preferred treatment. When 
radical surgery is not indicated or cannot 
be performed, other types of surgery which 
can be helpful are simple nephro-ureterec- 
tomy, resection of the tumor with end to 
end anastomosis and local reimplantation 


Fic. 12. Case v. Retrograde study revealing a nor- 
mal ureter and kidney without dilatation above 
the lesion. A filling defect and lccalized dilatation 
in the ureter at the site of catheter coiling are also 
visualized. 


Carcinoma of the Ureter y 
Fic. 13. Case v. Surgical specimen of the papillary 
carcinoma of the lower third of the left ureter. 





Vic. 15. Case vi. Retrograde study showing a filling 
defect and cupping of the ureter at the site of the 
tumor. Note again the lack of dilatation above the 


lesion. 


Fic. 14. Case vr. Intravenous urogram showing no 
evidence of hydroureter and hydronephrosis. 
Cupping of the margins of the urete at the site of 
the lesion at the level of L-5 is visuzlized. 
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ic. 16. Case vr. Surgical specimens of the papillary carcinoma and normal kidney and ureter, 


of the ureter into the bladder or renal pel- 
vis. 

Secondary ureteral tumors involve the 
ureter by direct extension from neighboring 
organs, occasionally by metastatic emboli 
from distant organs and by metastatic im- 
plants via the urinary route from the kid- 
ney or bladder. 

SUMMARY 

1. The classic clinical and roentgenologic 
findings of primary carcinoma of the ureter, 
stressing two signs which we have found of 
value in early diagnosis, are presented. 

2. The diagnostic triad most often em- 
phasized by all authors consists of gross 
hematuria, often painless, occurring in the 
fourth through seventh decades of life; 
hydronephrosis or nonfunctioning kidney 


revealed by intravenous pyelography; and 
a mass lesion in the ureter constituting a 
filling defect with marginal cupping at the 
lower and upper ends of the lesion. 

3. In analyzing our 7 cases, we have been 
impressed by the number of normal appear- 
ing intravenous pyelograms. This stresses 
the importance of adequate and complete 
visualization of the entire ureter in everv 
case of gross hematuria. Nonvisualized seg- 
ments of the ureter attributed to peristaltic 
waves must therefore be re-evaluated in the 
light of our findings. Retrograde pyelogra- 
phy is often required. Hydronephrosis and 
nonfunctioning kidneys are manifestations 
of the disease at a later stage when the 
lesion has progressed to such an extent as 
to cause partial or complete obstruction. 

4. Coiling of the ureteral catheter just 
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Fic. 17. Case vir Intravenous urogram with es- 
sentially norma! findings except for nonvisualiza- 
tion of the lower two inches of the ureter just 
proximal to the areterovesical junction. 
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below the lesion occurs on a mechanical 
basis, and, when present, is highly sugges- 
tive of an expanding intraluminal mass, 
usually carcinoma. This diagnosis can be 
suggested even before the instillation of 
contrast medium. 

These findings are emphasized in the 
Tn that primary carcinoma of the ureter 
will be considered in every case of hema- 
turia, and that earlier diagnosis will there- 
fore be made. 


Harry Bergman, M.D. 

1749 Grand Concourse 

Bronx 55, New York 
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VENA CAVAGRAPHY IN THE MANAGEMENT 
OF MALIGNANCY* 
By BILLY P. SAMMONS, LCDR (MC) USN, RONALD R. LUND, LT (MC) USN, 
and WILLIAM O. PISCHNOTTE, LT (MC) USN 


PENSACOLA, FLORIDA 


"E extent and location of malignant 
disease are two of the most important 
factors influencing the choice between cura- 
tive and palliative therapy. Visualization 
of the superior and inferior venae cavae 
can show pathology in the mediastinum 
and the retroperitoneal space that is missed 
by the more commonly employed roentgen- 
ographic procedures. These great veins, 
which are readily deformed by adjacent 
pathology, are easily and safely visualized 
with contrast material. A simplified tech- 
nique of vena cavagraphy will be illustrated 
and representative cases presented from 
over 400 studies. 

Cavagrams are of particular value in 
cases of lymphoma, where the clinical 
staging is of the utmost importance in 
determining initial and subsequent ther- 
apy.^* Accurate staging is not possible 
without adequate evaluation of the medias- 
tinal and retroperitoneal lymph nodes. 
Occult malignancies in the retroperitoneal 
area, suspected clinically, can often be re- 
vealed by inferior vena cavagraphy be- 
cause of the large number of lymphatic 
nodes surrounding this great vein. Patho- 
logic enlargement of the right adrenal 
gland, right kidney, liver, and head of the 
pancreas can be detected by this technique. 
Evaluation of therapeutic results in retro- 
peritoneal disease and determination of the 
need for further therapy are greatly aided 
by this objective method of evaluation. 


ANATOMIC CONSIDERATIONS 


Although only fifteen per cent of the 
retroperitoneal space is occupied by the 
inferior vena cava, the majority of the 


retroperitoneal lymph nodes are concen- 
trated along the course of this great vessel. 
The right adrenal gland, right kidney, liver 
and head of the pancreas are in intimate 
contact with it (Fig. 1). The thin wall and 
low hydrostatic pressure of the inferior 
vena cava permit this structure to be easily 
deformed, displaced or obstructed by adja- 
cent masses. Normal inferior vena cava- 
grams are illustrated in Figure 2. Of sig- 





Fic. 1. Schematic diagram of the major relationships 
of the inferior vena cava. The right lateral aortic 
lymph nodes surround the vena cava. (a) Right 
suprarenal gland; (b) right lateral aortic lymph 
nodes; (c) main mesenteric lymph nodes; (d) 
pancreas; (e) left lateral aortic lymph nodes; (f) 
subaortic and common iliac lymph nodes; (g) ex- 
ternal iliac lymph nodes. 


* From the Departments of Radiology, U. S. Naval Hospital, Pensacola, Florida, and U. S. Naval Hospital, St. Albans, Long 


Island, New York. 


"The opinions expressed are those of the authors and do not necessarily represent those of the Medical Department or the Depart- 


ment of the Navy. 
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Fic. 2. Normal inferior vena cavagrams. (1) Variation in the course of the vena cava as it lies in the fossa 
venae cavae on the posterior surface of the liver. This may be a shallow groove or may be a canal covered 
by a thn portion of the hepatic substance. (2) Change in width of the vena cava and the irregularity in 
the contrast column at the insertion of the right and, to a lesser extent, the left renal veia. (3) Smooth 
pressure defect produced by the right renal artery as it courses posterior to the vena cava near the L2 
level. (4) Normal defect due to compression by the right common iliac artery. 


nificance is the widening, dilution and ap- artery normally produces a defect which 
parent irregularity of the column of con- should not be interpreted as pathologic. 
trast material at the level of the renal veins. The influx of blood from the ipsilateral 
At the origin of the inferior vena cava, internal iliac vein and the contralateral 
compression by the right commen iliac common iliac vein may also produce an 
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Tase I 


NORMAL MEASUREMENTS OF 


Level l4 
Distance from the posterior bor- 
der of the inferior vena cava to Averaze —2.0 
the anterior border of the verte- Range — 11-0 
bral body (lateral view) 
Distance from the lateral mar- 
gin of the inferior vena cava to Average 35;2 
the middle of the vertebral body Range 26—41 
(anteroposterior view) 
Diameter of the inferior vena Average 18 
cava (lateral view) Range 10-29 
Diameter of the inferior vena Average 28.4 
cava (anteroposterior view) Range 24—33 


IHE INFERIOR VENA CAVA* 


1s 1.2 pa Di2 Dii 
—1.2 340 4.0 3.6 14.5 
— 8-2 =O-T1 = 6-16 === O-35 
30.3 30.0 44.4 42.2 42.4 
15748 215-46 217-88 28-55 25-54 

20 26 23 25 28 
14—30 19—30 14-32 19-34 20-35 
28.6 29.0 225.2 31450 26.4 
24-36 25-37 26-45 24-43 18-37 


* All measurements are in millimeters. Negative va'ues refer to the millimeters of overlap of the vena cava on the vertebral body. 


irregularity in the contrast column. The 
right renal artery indents the posterior 
aspect of the inferior vena cava as it courses 
to the kidnev. The caudate lobe of the liver 
indents the left margin of the vena cava 
at the Dirr-Di2 level. The normal measure- 
ments of the vena cava at its various levels 





Fic. 3. Normal superior vena cavagram with the 
major tributaries. The advisability of utilizing the 
left antecubital vein is illustrated by tke course of 
the left innominate vein across the mediastinum. 
This bilateral injection was done for illustration. 


are given in Table 1. 

The superior vena cava and the in- 
nominate veins are intimately related to 
most of the lymph nodes and other struc- 
tures of the superior mediastinum. The 
left innominate vein traverses the entire 
width of the superior mediastinum; there- 
fore, visualization of the superior vena 
cava via its tributaries on the left is more 
informative than right sided injection (Fig. 
e 


3, 4 and B; and 14, 4, B and C). 


TECHNIQUE 
The technique of superio- and inferior 
vena cavagraphy differs from intravenous 
pyelography primarily in the site and speed 
of injection and timing of the film expo- 
sures. Superior vena cavagraphy is a simple 
procedure performed by the rapid injection 
of 30 cc. of 50 per cent hypaque into a left 
medial antecubital vein, with the patient 
supine. A No. 18 gauge needle is utilized 
and while the patient takes a deep, slow 
breath the injection is completed within 
five seconds. This can be a unilateral or 
bilateral injection. The first film of the 
chest is exposed at the end of injection. A 
second film is exposed six seconds later to 
evaluate obstruction and collateral circula- 
tion. 
A simplified technique of inferior vena 
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cavagraphy has been described in previous 
publicactions.^* The technique consists es- 
sentially of the rapid injection of contrast 
material into the right femoral vein with 
the let femoral vein occluded and the head 
of the table elevated ten degrees. The injec- 
tion is made during the expiratory phase of 
respiration. A No. 17 gauge needle is 
utilized. It is advisable that a bevel no 
sharper than 45 degrees be used ro facili- 
tate threading of the needle and to mini- 
mize the possibility of extravasation. Films 
of the abdomen are exposed in both antero- 
posterior and lateral projections. Following 
these injections pvelograms are taken. 
Figure 4 illustrates the simplicity of the 
technique. 


CLINICAL APPLICATION 


[n the past four years over 490 vena 
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Fic. 4. Diagram of the technique of inferior vena 
cavazraphy. The sphygmomanometer is inflated 
to decrease the dilution of the contrast material 
by biood from the contralateral lower extremity. 


Vena Cavagraphy 





Vic. 5. (4) The inferior vena cavagram illustrates a 
sharply localized, large, extrinsic pressure defect 
at the Di2 to L3 level. The intravenous pyelo- 
gram was normal. (B) After a 3,409 r tumor dose 
to this well-defined retroperitonzal region, the 
inferior vena cavagram was norma! and remained 
so for the following year. Adequate radiation 
therapy was thus delivered to a smaller portal; 
irradiation of a larger field or the use of chemo- 
therapy was unnecessary. Either one of these tech- 
niques would have depleted the body economy 
needlessl y. 


cavagrams have been performed at the 
U. S. Naval Hospitals, Pensacola, Florida, 
and St. Albans, New York, ro aid in the 
management of patients with malignant 
disease of various tvpes. These studies are 
of particular value in cases of lymphoma 
where the clinical staging of the disease is 
of utmost Importance in determining initial 
therapy. Accurate clinical staging of lym- 
phoma is not possible without adequate 
evaluation of the mediastinal and retro- 
peritoneal lymph nodes. When inferior vena 
cavagraphy demonstrates retroperitoneal 
lymphadenopathy, intensive therapy to the 
mediastinal and/or peripheral lymph nodes 
would needlessly deplete the patient’s gen- 
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Vic. 6. (4 and B) Massive lymphadenopathy pos- 
terior to and surrounding the inferior vena cava 
is well illustrated in the lateral projection. In the 
anteroposterior projection the high grade obstruc- 
tion at the Li-L2 level is evidenced by the filling 
of the right ascending lumbar vein (upper arrow in 
A) and its tributaries (lower arrow in 4). Devia- 
tion of the inferior vena cava is also seen in this 
projection. In the absence of a Valsalva maneuver, 
the demonstration of collateral circulation on an 
inferior vena cavagram is pathognomonic of a 
complete or incomplete obstruction more cephalad. 
(C and D) Inferior vena cavagrams following a 
3,500 r tumor dose delivered through opposing 
fields to the entire abdomen. Note the marked 
improvement in the configuration of the vena cava, 
the absence of visualized collaterals, and the need 
for localized radiation therapy to the Li-L2 level, 
which was given subsequently. 


ic. 7. Giant follicular lymphoma of the left cervical 
region was diagnosed by biopsy four years before 
present admission for malaise and weight loss. (4) 
The inferior vena cavagram demonstrates partial 
obstruction at the L3-L4 level with collaterals 
consisting of both right and left ascending lumbar 
veins. Distortion at Lr-L2 indicates other lymph 
node involvement. (B) Following a 3,000 r tumor 
dose to the Li-Ls region in forty-one days, 
dramatic symptomatic improvement occurred. A 
calcified uterine fibromyoma is present in the 
pelvis. 
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Vic. 8. This fifty-six year old white female received radiation therapy for giant follicular lymphoma of the 
cervical lymph nodes in 1955. Unexplained weight loss and flank pain were present on admission. Physical 
examination was negative. (4 and B) Inferior vena cavagrams reveal a partial obstruction of the vena 
cava overlying L4 with extensive collateral circulation and a second mass from Di1 to L2 elevating and 
displacing the vena cava. (C and D) Following a 3,000 r tumor dose to these retroperitoneal lymph nodes 
the inferior vena cava returned to normal except for slight elevation and displacement at the D12 to Lı 
level. Note the absence of collateral circulation. 


eral economy. In this case a less vigorous 
plan of therapy may be indicated. On the 
other hand, when the presence of localized 
disease is supported by negative vena cava- 
grams, more intensive radiation therapy is 
then indicated. 

In occult malignancies special studies 
often fail to reveal the suspected neoplasm. 
Figure 5, 4 and B, illustrates a case of 
Hodgkin's disease which was undiagnosed 
for fifteen months, during which time the 
patient was hospitalized on two separate 
occasions. Special studies including bone 
marrow examinations were repeatedly neg- 
ative. When a lymph node in the axilla 


became enlarged and was biopsied, the 
diagnosis of Hodgkin’s disease was made. 
An inferior vena cavagram at that time 
revealed extensive retroperitoneal involve- 
ment which was undoubtedly the cause of 
intermittent fever and malaise. Had an 
inferior vena cavagram been done as an 
integral part of the routine work-up of 
occult malignancy the diagnosis could 
have been made several months sooner. 
After the presence of a retroperitoneal neo- 
plasm is established, serial vena cavagrams 
provide objective evidence of the response 
to therapy. Figure 6, 4—D, illustrates a case 
in which extensive retroperitoneal lymph- 
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Fic. 9. This twenty-six year old white male was ad- 
mitted with nausea, vomiting, and progressive 
pain in the lumbar region for the preceding month. 
Intravenous pyelography, upper gastrointestinal 
series and barium enema examination were nor- 
mal. (4 and B) Inferior vena cavagrams demon- 
strate numerous masses compressing the vena cava 
in the lower lumbar region and completely ob- 
structing the flow of contrast material at Li. Note 
the large collaterals with the contrast material 
again entering the vena cava at Dir-Dir2, which 
is above the complete block. One week later the 
petient became comatose and expired. Autopsy 
revealed anaplastic metastatic carcinoma in the 
brain and the same cell type in the retroperitoneal 
lymph nodes. The primary site could not be de- 
termined. Of interest is the demonstration by 
vena cavagraphy of the extensive collateral cir- 
culation as a possible route for the cerebral 
metastases. 


i 
Fic. 10. A thirty-five year old white male was ad- 
mitted with a large left abdominal mass which dis- 
placed and distorted the collecting system of the 
left kidney. (4) The inferior vena cavagram dem- 
onstrates a mass of lymph nodes surrounding the 
vena cava at the L2-L3 level and a suggestive 
mass at Dri. Needle biopsy revealed a carcinoma 
of the adrenal cortex. Because of the metastatic 
spread disclosed by the inferior vena cavagram, 


(Continued on facing page) 





Wig. ts. An inferior vena cavagram demonstrates 
metastatic right common iliac lymph nodes in a 
patient with carcinoma of the cervix. Note the 
filling defect laterally, at a site where there are no 
trbutaries to this vein. Surgery confirmed the 
roentzenographic findings. 


radiation therapy was given to the left flank and 
to the metastatic L2-L3 region. (B) One week 
after completion of therapy, the inferior vena 
cavagram shows considerable improvement at the 
L2-L3 treatment site, but the suspicious D11 area 
is grossly abnormal. At this time small meta- 
static nodules began to appear in the lungs. (C) 
At autopsy the diagnosis was confirmed and the 
metastatic masses at L2 and Dir were found to 
be separate from the primary adrenal tumor. 
Note the enormous size of the left adrenal gland 
as compared to the right adrenal gland and kid- 
neys. 


Vena Cavagraphy 





p a 
Fic, 12. A forty-three year old white female was ad- 
mitted with abdominal distention. Pelvic examina- 
tion revealed a mass in the pelvis. (4 and B) 
Inferior vena cavagrams reveal a second mass at 
the Li-L2 level. Note the pressure defects on the 
anterior surface of the vena cava rather suggest- 
ing an abdominal origin. Surgery revealed a car- 
cinoma of the ovary with peritone:l implants and 
a fixed mass in the region of the celiac axis. 





adenopathy was not apparent at explora- 
tory laparotomy because of the massive 
mesenteric lymph nodes. Biopsy of the 
mesenteric lymph nodes revealed giant 
follicular lymphoma. A postoperative in- 
ferior vena cavagram revealed marked ele- 
vation caused by retroperitoneal lymph- 
adenopathy. Serial inferior veni cavagrams 
demonstrated the response to taerapy (Fig. 
6, C and D). 

Partial or complete obstruct on of either 
of the venae cavae can be read! y diagnosed 
and the exact site determined cnly by vena 
cavagraphy (Fig. 7-14). This is of primary 
value in inferior vena caval obstruction, in 
which clinical symptoms are absent in £o 
per cent of cases.‘ Intensive local radiation 
therapy to these sites may prevent or al- 
leviate distressing obstructive symptoms. 
Illustrative cases are presented in Figures 
7-12. 

Although routine methods are usually 
adequate in evaluating pelvic pathology, 
the anterolateral areas of the pelvis are 
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Fic. 13. This fifty year old white female was ad- 
mitted because of a mass seen on a routine chest 
roentgenogram five vears following a left radical 
mastectomy for carcinoma. Biopsies of the scalene 
lymph nodes were negative and open thoracotomy 
was scheduled. During the induction of anesthesia 
the patient suddenly developed a superior vena 
caval obstruction with marked cardiovascular 
changes. (4) A superior vena cavagram taken 
the following day revealed the almost complete 
obstruction. Had the study been performed before 
the anesthesia the near fatal reaction could have 
been prevented. (B) A superior vena cavagram 
taken after three weeks of radiation therapy dem- 
onstrates the normal width of the vena cava. 
Biopsy of the mass was performed. without dif- 
ficulty under general anesthesia. Microscopic sec- 
tions revealed carcinoma compatible with breast 
carcinoma, 
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Fis. 14. The mediastinal venous collateral circulation which is visualized varies with the site of the obstruc- 
tion. (/7) With incomplete low superior vena caval obstruction the internal mammary veins are well visu- 
alized. (B) Complete obstruction of the superior vena cava results in visualization of the hemiazygos and 
azygos systems. (C) Complete obstruction of one innominate vein causes the contrast material to reflux 
through innumerable cervical veins to the contralateral innominate vein. 





Fic. 1s. A palpable mass in the left iliac fossa was 
biopsied revealing a reticulum cell sarcoma. Before 
radiation therapy a left femoral injection (4) out- 
lines the medial confines of the tumor and. pro- 
vides a basis for evaluating the radiation response. 
After a 3,500 r tumor dose in three wecks, a repeat 
injection (B) reveals the minimal deformity of the 
common iliac vein; this has remained unchanged 
over the past year. A sensitive objective method 
for detecting possible early recurrence is provided. 


better studied by iliac venography. Ex- 
amples of pathology demonstrated by con- 
trast visualization of these tributaries of 
the inferior vena cava are illustrated in 
Figures 15, 4 and B; 16, 4 and B; and 17, 
A and B. 

The inferior vena cava is intimately re- 
lated to the right adrenal gland, right kid- 
ney, liver, and head of the pancreas. There- 
fore, pathologic enlargement of these struc- 
tures can be detected by inferior vena 
cavagraphv. 


SUMMARY 


Over 300 vena cavagrams have been 
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Fic. 16. An obese white male, thirty-eight years of 
age, was clinically suspected of having a malignant 
process, but physical examination and routine 
roentgenographic and laboratery findings were 
negative. (4) An inferior vena cavagram reveals 
a large mass of iliac lymph noces (arrow). Com- 
pare with B, a normal inferior vena cavagram. 
Biopsy revealed Hodgkin's disease. Following a 
3,500 r tumor dose in three weeks to the right 
lower quadrant, a repeat inferior vena cavagram 
was negative and has remained so at three, six, and 
twelve month intervals. 


employed in the evaluation and manage- 
ment of patients with various malignancies 
in the past four years at the U. S. Naval 
Hospitals, Pensacola, Florida, and St. 
Albans, New Yark. The technique of both 
superior and inferior vena cavagraphy has 
been briefly described. Anatomic relation- 
ships of the venae cavae have been dis- 
cussed and illustrative cases of a variety of 
tumors presented. These studies have been 
of particular value in cases of lymphoma, 
and genitourinary and mediastinal tu- 
mors. 


B. P. Sammons, M.D. 
U. S. Naval Hospital 
St. Albans, New York 
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lic, 17. External iliac vein obstruction may produce drainage into (4) the iliolumbar, ascending lumbar, and 
azygos systems or (B) into the spermatic vein. 


ol 
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SIMPLIFIED TECHNIQUES IN THE EMPLOYMENT OF 
A ROTATIONAL COBALT 60 BEAM THERAPY UNIT* 


By J. C. F. MacDONALD, Px.D. 


LONDON, ONTARIO, CANADA 


F RADICAL treatment of small localized 

lesions by radiation therapy is to be 
successful, three basic requirements must be 
met. The first is an accurate knowledge of 
the location and extent of the volume to be 
treated. Secondly, a method must be de- 
vised which will permit the attainment of 
a satisfactory dose distribution which com- 
pletely encloses this volume. Finally, this 
method must be employed to deliver an 
adequate cancerocidal dose in an optimum 
time to the volume in question. This paper 
deals with the second of these three require- 
ments; £.e., the attainment of an adequate 
dose distribution completely enclosing the 
tumor volume. 


METHOD 


The classic method of dose estimation as 
used in orthovoltage therapy (which shall 
be referred to here as “the per cent depth 
dose method’’) can be employed in cobalt 
60 teletherapy with certain reasonable 
modifications. While in orthovoltage ther- 
apy the dose maximum is at the skin sur- 
face, in cobalt 60 teletherapy the maximum 
absorbed dose is at a depth of a few milli- 
meters beneath the skin.** In the per cent 
depth dose method, the point on the central 
axis of the beam where the maximum dose 
is attained within the patient is used as a 
reference, and doses elsewhere are quoted 
as a percentage of the dose at this point. 
When this method is used in cobalt 60 
teletherapy, the exposure dose rate is meas- 
ured at a point in air which would corres- 
pond to a position o.5 cm. beneath the 
presenting skin of the patient. Because of 
scatter from the diaphragm system, this 
exposure dose rate will be a function of the 
beam cross section. When the patient is 
placed in the beam, the absorbed dose rate 


at this point is given by the product of the 
exposure dose rate, the appropriate back- 
scatter factor (which also depends upon the 
field area), and a factor!? which serves to 
convert the exposure dose rate in roentgens 
per minute at this point to the absorbed 
dose rate in rads per minute. The absorbed 
dose rate at other points in the body is then 
found from the appropriate isodose distri- 
bution as a percentage of the maximum 
dose rate. In multiple field treatments, the 
dose at these points is merely the sum of the 
dose contributions from all the fields, and 
the over-all distribution within the patient 
is determined by summing the individual 
isodose distributions, which have been ap- 
propriately weighted for given dose. 

This system of dosage estimation recom- 
mendis itself for its simplicity, and it has 
stood the test of time in fixed field therapy. 
In rotation therapy, however, where the 
center of the tumor rather than the skin 
is placed at a fixed distance from the radia- 
tion source, the method becomes somewhat 
cumbersome. This is because the shape and 
nature of the isodose distribution are de- 
pendent on the source-to-skin distance, and 
in rotational or arc therapy this distance 
is continuously varying because of the 
anatomic contour. The method of "tumor- 
air ratios" ^? was developed to overcome 
this difficulty. In this rotational dosage 
system the exposure dose rate in air at the 
center of rotation as a function of beam 
cross section is first determined. The center 
of the volume to be treated is then placed 
at this point and the thickness of overlying 
tissue between the center and the skin sur- 
face is determined for an appropriate num- 
ber of radii. Tumor-air ratio tables,” 5: 
which express the ratio of absorbed dose in 
tissue to exposure dose in air as a function 


* From The Ontario Cancer Foundation London Clinic, Victoria Hospital, London, Canada. 
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of depth of overlying tissue and fied cross 
section, are then emploved to determine the 
dose rate at the tumor when the beam axis 
is directed along each individual radius. If 
the rate of rotation is constant, the dose 
rates so determined can be averaged to give 
the effective dose rate during a cvcle of 
arc or of full rotation. 

The same principle can be used to advan- 
tage in stationary beam therapy. Figure i 
illustrates the method. The exposure dose 
rate in air az the center of rotation T is 
first determined as a function of beam cross 
section m the plane of T. When the patient 
is placed in the beam, the depth d of over- 
lying tissue is determined either bv a 
measurement on a body cross section or by 
the use of a calibrated front pointer at- 
tached to the head of the unit. The absorbed 
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d dose at T is Dr=k; 
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ie) 


dose rate at T is then found by multiply- 
ing the known exposure dose -ate by the 
appropriate tumor-air ratio as determined 
from the tables. The absorbec dose at T 
is given by the absorbed dose rate multi- 
plied by the time of exposure. The absorbed 
dose at other points (e.g., X) is then found 
by reference to the appropriate isodose dis- 
tribution which is normalized zo give 120 
per cent^*! at the center of -otation T. 
The dose at T and X in multirle field dis- 
tributions is then determined ky summing 
the appropriate dose contribu tions from 
each field individually, and the over-all dis- 
tribution is determined bv the usual point- 
to-point method. 

A number of advantages over more con- 
ventional methods become apparent when 
this approach is used with rotational types 





at the cer ter of rotation T is a function Ey(4) of the area 4 of the beam in the plane of T. (B) Ab- 

lose rete at T is Reid, d) 9 Ep A): TG, d), where T(A, d) is the appropriate tumor-air ratio. 

t, where Zis the time of exposure. (C) Absorbed dose at X s D,= Dr: P, 

P= (dose at X)/(dose at T). (D) Multiple field dose at Tis Dr— 2, Dr, and at X is D,= D (Dr, P). 
i i 
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of cobalt units. The first and most obvious 
advantage is that only one setting-up pro- 
cedure is required, regardless of how many 
fields are to be used. This is because, with 
the patient placed so that the center of the 
treated volume is at the center of rotation, 
it is only necessary to rotate the unit from 
one entrance position to the next. On some 
tvpes of rotational units this can be done 
from outside the treatment room. When the 
per cent depth dose method is used with 
this type of unit, each individual field 
must be set-up separately, with a conse- 
quent sacrifice of accuracy and time. An- 
other advantage is that this approach fo- 
cuses attention on the tumor volume to be 
treated, Że., the prescription of dose is to 
the tumor directly. The beam dimensions 
are chosen to enclose the tumor without 
reference to the area of the skin treated. 
While the dose delivered to the skin is 
readilv calculable, it does not enter into the 
dosage prescription in the first instance. Às 
has been pointed out, the method can be 
used with equal facility for fixed beam and 
arc therapy, and radically simplifies the 
determination. of complete dose distribu- 
tions, particularly in the use of wedge fields. 
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Du Sault? has discussed applications of 
this method in which a single isodose dis- 
tribution! is used, regardless of the depth 
overlying the tumor center, on the assump- 
tion that the center lies in the region where 
the central axis depth dose curve is expo- 
nential. Corrections must be applied in the 
determination of the dose at points between 
the center and the skin, especially in the 
case of head and neck lesions where the 
skin-center distance is small. 

The necessity for such corrections is 
eliminated if for each field size there is 
available a number of isodose distributions, 
each applicable to a range of skin-center 
distances. A satisfactory degree of accuracy 
can be attained by the use of three such 
distributions, measured with thicknesses 
overlying the center of 5, 19 and 15 cm. 
(Fig. 2). When the depth encountered 
clinically differs from these values, the iso- 
dose distribution for the nearest measured 
depth is employed. As seen in Figure 2, 
the error introduced by this approximation 
in the immediate region of the tumor is at 
most 2 per cent. Since the dose rate is deter- 
mined accurately at the center of rotation 
by a method which is quite independent of 
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Fic. 2. Comparison of isodose distributions for a field of dimensions 6 cm. by 8 em. at the center of rotation, 
with skin-tumor distance of s, 10 and 15 em. The distributions are normalized to 100 per cent at the center 


of rotation. 


Vot. 86, Na. 4 






the isocese distribution, any error involved 
is a minimum in the volume of interest. 
This fact is significant in that it makes 
possible the production of multiple field 
distribetons without reference to any 
particuer anatomic contour. That is, one 
can, at leisure, combine any number of 
fields directed at the center of rotation from 
different angles and so produce standard 
dose distributions of general usefulness. 
When such a standard distribution is ap- 
plied to *he contour of a particular patient, 
it will indicate with a high degree of accu- 
racy the dose at points in the immediate 
vicinity of the tumor volume, and with 
somewhet less accuracy the dose at points 
remote from the center of the tumor. The 
inaccuracy over the whole of the range from 
the center of rotation out to the skin need 
not exceed § per cent under normal circum- 
stances. Thus it is possible to build up a 
library o standard dose distributions which 
can be applied as required to dose computa- 
tions involved in treatment. Such a ibrary 
should c#ntain dose distributions for mul- 
tiple open fields, multiple wedge fields and 
moving oeam therapy. Examples of such 
distributons are shown in Figures 3, 4, 5 
and 5. Rotational and arc distributicns can 
be calcu-ated by the method of Gregory! 
The method is, then, to obtain an ana- 
tomic contour of the patient in the plane 
of treatraent, to draw onto the anatomic 
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Fre. 2. Dose distribution for three 6X8 cm. felds at 
12€ degrses to one another. Source-tumor distance 
53 cm.; skin-tumor distance 10 em. 
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Fic. 4. Dose distribution for two wedge fields at 9o 
degrees. Left wedge 10 cm. wide; -op wedge 6 
cm. wide. 


contour the outlines of the tumcr as estab- 
lished by  roentgenographic or other 
methods, and then to choose the dose dis- 
tribution from the ones available which will 
best enclose the tumor volume as drawn. 
An example is shown in Figure 7. 

It is seen that the center of rotation need 
not necessarily coincide with the geometric 
center of the tumor, and that the con- 
tribution to the central dose need not be 
the same for all fields. From such a super- 
position it is possible to obtain the points 
on the skin at which the central axes of the 
individual beams are incident. together 
with their relative directions. The depths 
d, d», and d; from the skin to the tumor on 
the central axes can either be measured on 
the contour as shown, or, when the patient 
is first set-up for treatment, they can be 
measured with a calibrated froat pointer 
attached to the unit. 

When one or more of the incicent beams 
impinges upon the skin at other than 
normal incidence, it may be arzued? that 
corrections must be made to th» resulting 
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Fie. 5. Dose distribution for a 200 degree 
arc. Field size 10X12 cm. 


isodose distribution to take into account 
the differential absorption on the two sides 
of the treatment field. An investigation into 
the alteration in the standard isodose pat- 
terns has shown that, while the patterns 
are undoubtedly modified somewhat due to 
this effect, the distortion of a multiple field 
isodose distribution is relatively minor 
provided the incident angles are not too 
extreme. This is illustrated in Figure 8 for 
the case of two wedge fields at right angles. 
In a similar way there will be a small 
amount of distortion in rotational and arc 
distributions due to the same effect. Again 
these distortions are relatively minor and 
have a negligible effect when the dose dis- 
tribution is applied to the treatment of a 
particular patient. 

The standard dose distributions are valid 
only in the plane of treatment, z.e., in the 
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Fio. 6. Dose distribution for the combination of a 
single 8X 8 cm. open field with two 5X8 cm. wedge 
fields, 
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Fio. 7. Superposition of a standard dose distribution 
on à body cross section including the ethmoid 
sinuses. The go per cent dose contour encloses the 
treated volume. 


plane containing the central axes of the 
individual beams. It is important to know 
the separation of the significant isodose sur- 
face in a direction perpendicular to this 
plane as a function of the field dimensions 
in this direction. Curves of the type shown 
in Figure 9 are useful in choosing the field 
dimensions which will be required to enclose 
the tumor. 

It will be observed that, in the dose 
distributions of Figures 3, 4 and 6, the 100 
per cent dose contour encompasses a very 
small volume whose shape is not necessarily 
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Fic. 8. A comparison of dose distributions for two 
wedge fields at 9o degrees, with and without cor- 
rection for oblique incidence. 
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characteristic of the dose distribution as a 
whele. [t is apparent that the go per cent 
contour approximates the nominal dimen- 
sions of the incident beams, and so field 
dimensions should be chosen which produce 
a distribution enclosing the known tumor 
volume within the go per cent contour. This 
choice implies the acceptance of a maxi- 
mum dose within the tumor volume which 
is at least 11 per cent higher than that ob- 
taining on the periphery of the tumor. This 
inhomogeneity within the tumor volume is, 
of eourse, characteristic of all such distri- 
butions regardless of the method of treat- 
ment and calculation used. 

In practice, it is first necessary to know 
the desired position of the center of rota- 
tion with reference to skin marks on the 
exterior of the patient. The minimum num- 
ber of such skin marks that will uniquely 
define such a point is three, and these 
marks should le in a cross sectional plane 
threugh the center of the tumor. Figure 10 
shows their relative relationship to one 
another and to the tumor center 7. The 
line BTD passes through the center of the 
tumor and the line ÆT intersects it at right 
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Fic. 9. Graph showing, as a function of diaphragm 
setting, the separation of the go and 50 per cent 
iscdose surfaces at the center of rotation in a 
direction perpendicular to the plane of treatment. 
"Theratson junior cobalt 60 unit; 1.5 cm. diameter 
source; source-center distance 55 cm. 
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Fic. 10. Diagram illustrating the use of three light 
beams from the unit to place the »oint T at the 
center of rotation. 


angles at the center. In order to use this 
method, it is necessary to have three direc- 
tions defined from the unit itself. One of 
these directions may be defined by using 
the projection of the cross hairs in the light 
beam from the head of the uait. A back 
pointer light which directs a beam back- 
ward along the central axis in a direction 
toward the source defines the second of 
these directions, and a third ligat beam can 
be projected from a mounting similar to 
that shown in the figure in a direction at 
right angles to the line defined bv the first 
two and intersecting this line at the center 
of rotation. Alternatively, since the center 
of rotation is a point fixed wizh reference 
to the walls of the treatment room, light 
beams can be projected from the walls and 
ceiling to meet at this point. With the pa- 
tient supine or prone on the treatment 
stretcher, it is possible to position him in 
such a way that the three light beams im- 
pinge on the skin over the three skin marks. 
Since the beams intersect at the center of 
rotation, this procedure ensures that the 
appropriate point in the tumor is properly 
placed. The unit is then rotated to the de- 
sired treatment angle and the depth of 
tissue overlying the center of ro-ation along 
the central axis of the treatment beam is 
then measured, using a calib-ated front 
pointer attached to the head of the unit. 
This depth is used to derive the dose rate 
at T for the appropriate field size by the 
use of tumor-air ratio tables. 

In order to determine the absorbed dose 
rate at the center of rotation for a partic- 
ular field, one must know the variation of 
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exposure dose rate with field size at the 
center of rotation and have available a table 
of tumor-air ratios appropriate to the par- 
ticular treatment unit. It is possible to com- 
bine these data in the form of a single 
calculator.’ In such a calculator the product 
of exposure dose rate variation at the center 
of rotation and the tumor-air ratio are 
plotted on full logarithmic paper as a func- 
tion of field area, with depth of overlying 
tissue as parameter. The principle of the 
slide rule is used to calculate the treatment 
time for anv particular tumor dose re- 
quired. 


SUMMARY 


In summary, this paper describes a sim- 
plified method of tumor dose computation 
and isodose charting which is applicable to 
therapy units in which the radiation source 
is constrained to move in a circle with the 
central axis of the beam pointing at a fixed 
point in space. The method of tumor-air 
ratios is employed to determine the dose 
rate at a point in the volume to be treated, 
in both moving field and stationary field 
techniques. Isodose charts which are nor- 
malized to 100 per cent at the center of 
rotation are then employed to determine 
the dose rate at other points within the 
treatment field. Using this method, it is 
possible to build up a library of standard 
dose distributions for stationary, wedge and 
rotational treatments which can be used 
directly to indicate the dose distributions 
within individual patients. It is seen that 
by the use of such standard distributions a 
large amount of very tedious computation 
is eliminated, and complete 1sodose chart- 
ing for each patient treated can now be- 
come the rule rather than the exception. 
Since the errors involved in the use of 
these standard distributions are well within 
the uncertainties otherwise Inherent in 
radiation therapy, the method permits of 
great simplification in treatment planning 
without a significant sacrifice in accuracy. 
The interchange of precalculated dose dis- 
tributions between institutions employing 
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the same type of unit becomes an attractive 
possibility, 
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The methods described in this paper are the 
result of the joint efforts of the physics and 
radiotherapeutic staff of this Clinic. The 
library of standard distributions has been 
built up through the work of Mr. P. M. Pfalzner 
and Dr. H. I. S. Ferguson. 
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THIMBLE CHAMBER CORRECTIONS BELOW 


100 KY. 


By JAMES C. 


EFFECTIVE 


CARLSON, MS. 


MUSKEGON, MICHIGAN 


vell known that thimble ionization 


I IS v 
chambers will give erroneous results if 


used to measure roentgen-ray beams out- 
side of the useful energy range designated 
by the manufacturers. Unfortunately, the 
meaning of the manufacturer's statement, 
“Good for energies from 30 to 400 kv. effec- 
tive," 1s frequ ently misinterpreted | by those 
using chis instrument when measuring dos- 
age in superficial therapy. It is the inten- 
tion of this pe iper to draw attention to this 
common misinterpretation in order to: (1) 
stimulate interest, leading to further in- 
vestigations by those laboratories ade- 
quately equipped to study this problem; (2 
encourage the widespread dissemination of 
existing information on this problem; (3) 
elucidate the meaning of the m: inufactur- 
er's claims; anal (4) improve dosage speci- 
fication in superficial therapy. 


If a typical response curve for thimble 
ionization. chambers as reported by the 
manufacturer is presented in terms of half 
value laver, as shown in Figure 1, the in- 
adequacy of this equipment for the meas- 
urement of de us therapy beams be- 
comes obvious. 

In addition to the data supolied by the 
manufacturers, some data are available in 
the literature.!? The data of these authors 
have been rearranged and plotted along 
with those from two manufacturers and are 
shown in Figure 2. The metaod of con- 
verting these data can be deduced from the 
data presented in Table 1 

Although the curves of Figure 2 may not 
be applicable to any one r-meter, they may 
serve as a temporary guide for those who 
at present do not employ anv correction 
factor in this range. Most superficial ther- 
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Vic. t. Typical response curve of a Landsverk model 1-64 r-meter as reported by the manufacturer. Half 


value layers have been calculated by the author. The manufacturer stresses that 


given to calibri 





ions in the energy ranges most commonly used in x-ray and radium theraps. 


"speczal attention is 
" Victoreen’s 


typical response curve is similar. (Published with permission from the Landsverk Electromezer Company.) 
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CORRECTION FACTORS 














= oo. ; Pu Value Correction Factors 
: avelengt u/p ayer 
Effective Angstroms mm. Al Victoreen Landsverk 

82 O.I5 .198 12.9 -99 .99 
62 0.2 1274 9.3 .98 1.00 
49 0.25 .388 6.6 99 I.CI 
4i 0.3 -557 4.6 1.00 1.c6 
31 0.4 1.09 2.4 1.02 1.22 
25 0.5 1.95 1.3 1.05 1.43 
2I 0.6 3.22 o.8 1.08 s 
15 o.8 3:32 0.35 1.22 — 





The data of columns 1, 2, and 3 are obtained from Table 2.6 of Handbook of Radiology, R. H. Morgan and K. E. Corrigan. The 
Year Book Publishers, Inc., Chicago, 1955. 

Column 4 was calculated on the basis of simple exponential absorption. 

The values of column 6 were obtained from Landsverk’s typical response curve which is shown in Figure 1. Victoreen’s values were 
obtained from typical response curve for Model 70-5 Chamber, Victoreen Instrument Company, personal communication, August, 


1960. 


apy equipment comes within this scope, as ture must have their equipment calibrated 
is shown by the typical half value layers by the National Bureau of Standards where, 
listed in Table rr. according to Title 15, chapter 11, part 204 

Those desiring more than a temporary of the Federal Register, calibration at 4 
guide constructed from data in the litera- half value layers in this range can be sup- 
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Fic. 2. R-meter correction factors for Victoreen nylon and bakelite probes and the Landsverk L-120 series 
probes. It is possible that the curves are more closely related to chamber size than composition. The plotted 
points were obtained from the following sources: X and O, Day;! A, Victoreen ef @/;? L, Landsverk 
Electrometer Company brochure; V, Victoreen Instrument Company, personal communication August, 
1960. 


Vor. 88, No. 4 Thimble Chamber Corrections 739 
Tage H SUMMARY 
TYPICAL HALF VALUE LAYERS FOR SUPERFICIAL While this paper does not give new data 





THERAPY EQUIPMENT $ . . . 
? on this problem, it does present existing 


data in a more utilitarian form and brings 
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Manufacturer kv. Filter mm. Al attention to the necessity of correcting r- 
ns Chamber measurements in the calibration 
Picker 74 none 0.65 of output from superficial roentgen ther- 

1 mm. Al : " apy apparatus. These corrections, when 
120 none Q.t . . - : x 
An on pi operly applied, should improve the speci- 
3 mm. Al 3.6 fication of dosage. 
as z n 8 p : 
Keleket 60 HONE. 9s >s Department of Radiology 
190 7 md ii. Hackley Hospital 
i "PE SInmes 34 Muskegon, Michigan 
General Electric 70 none 1.4 
(KX.:0) 100 none 1.8 REFERENCES 
125 3 mm. Al 4.0 . REM ; . ; 
——ÁÀÁ— —— EQ PPRE ——- L Dav, F. H. Thimble chamber calibration on soft 
‘These dasa were obtained from calibration charts in our file. roentgen rays. Am. J. RogNTGENOL. & Rap. 
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THE EFFECTS OF CARDIAC IRRADIATION UPON 
THE NORMAL CANINE HEART* 


ELLIOT SENDEROFF, M.D.,f MAMORU KA 





EKO, M.D., A. ROBERT BECK, M.D..¢ 


and IVAN D. BARONOFSKY, M.D. 
NEW YORK, NEW YORK 


C^ RDIAC irradiation has been proposed 
as a possible therapeutic method for 
inducing an increase in myocardial vascu- 
larity in coronary artery disease. In earlier 
publications? !*? electrocardiographic and 
physiologic data obtained from a study of 
animals subjected to cardiac irradiation as 
well as an evaluation of the survival of such 
animals following acute coronary artery 
ligation have been presented. These studies 
have shown that the irradiated dogs with- 
stand the acute myocardial insult of cor- 
onary ligation better than the nonirradiated 
control animals both in terms of survival 
and increased intercoronary anastomotic 
blood flow. 

It is the purpose of this study to present 
a pathologic analvsis of the effects of var- 
ious dosages of radiation upon the canine 
heart and adjacent organs and tissues after 
varying periods of time. Dogs subjected to 
coronary artery ligation subsequent to 
irradiation as well as nonligated animals 
were studied. 


METHOD 


One hundred and fifteen mongrel dogs 
were used in this study. Thirty dogs 
received no irradiation and served as nor- 
mal control animals. The remaining 85 
animals were given varying doses of radia- 
tion and were studied at intervals of up to 
one vear post irradiation (Table 1). 

Cardiac irradiation was performed in the 
following manner. Of each dog a scout roent- 
genogram of the chest was taken to deter- 
mine the heart location and size. This field 
was then mapped on the dog's thorax on 
both the left and right sides. The heart was 


irradiated by means of three treatments to 
the left chest field and two to the right chest 
field during a fourteen to seventeen day 
period. The treatments were given with a 
parallel opposing pair of fields ranging in 
size from 8o-120 sq. cm. The average sep- 
aration of the fields was 10 cm. Two hun- 
dred kilovolt roentgen ravs which, after 
filtration, had a half value laver of o.g mm. 
of copper were utilized at a focal skin 
distance of so cm. The calculated dose to 
the heart in one group was 1,300 r (1,500 
in air). Another group received a heart dose 
of 2,000 r (2,500 in air). A third group 
received a heart dose of 2,700 r (3,600 in 
ar). This latter group received treatments 
in a manner similar to the other groups 
with the exception that three treatments 
were given to each chest field and the 
source of radiation was a cobalt 60 tele- 
therapy unit. 

Four to six days following the termina- 
tion of the radiation treatments, one group 
of dogs was subjected to coronary artery 
ligation, Those dogs surviving this pro- 
cedure were sacrificed two, four and six 
months post ligation for pathologic study. 
Those dogs which did not survive ligation 
or died within two months post ligation 
were also studied. The hearts were studied 
by injection of barium sulfate into the 
coronary orifices to outline the grossly func- 
tioning coronary circulation. Roentgeno- 
grams of the injected specimens were taken. 
The hearts were then fixed in formalin and 
multiple transverse sections of the entire 
heart were made for gross and microscopic 
analysis. Some of the hearts were injected 
with vinylite plastic and corrosion prepara- 


* From the Departments of Surgery and Pathology, The Mount Sinai Hospital, New York, New York. 
This work has been supported in part by U.S.P.H.S. Grant H-318>. 


T Research fellow, New York Heart Association. 
1 Fellow, Dazian Foundation for Medical Research. 
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EXPERIMENTAL 
No. 
A : Dose to 
Group of ; 
Mvocardium 
Days : 
: (r) 
Contro o 
Irradiaced-hgatec 25 1,3 
(corenary artery ligated 
4-6 ©ays post irradiation) 
25 2,000 
Irraciaced—ligated i 1,300 and 
&corenary artery ligated 2,000 
6 months post irradiation) 
1 2,700 
—nonligated 14 400-2 ,700 
5 100-2, FOO 


tions ef the entire coronary circulation were 
made. Sections of the sternum and rib 
cage were taken for bone marrow study. 
The lungs and mediastinal esophagus were 
also examined. 

Anecher group of dogs, similarly irradi- 
ated, received no further treatment for a 
perioc of six months, after which it was 
subjected to coronary artery ligation, Sim- 
ilar studies were also performed on these 
animals. There was also a group of dogs 
Grrad ated-nonligated) consisting of those 
animals which died of causes unrelated to 
the irradiation either during the course of 
irradiation or prior to the time of ligation, 
Postmortem and pathologic studies were 
performed on these animals. 

Ín order to evaluate the possible late 
effect: of irradiation, a group of 5 dogs was 
irradiated in a similar manner with dosages 
of 2,720-3,600 r in air (estimated 2,100- 
2,700 r to the myocardium). Prior to ir- 
radiation, weights, chest roentgenograms, 
electrocardiograms, hemoglobin, hemato- 
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Dose Time of Pathologic 
in Air Study 
(r) 
o Immediately--2 mo. post coronary 

artery ligation 

1,500 Immediately-—6 mo. post coronary 
artery ligation 

2,500 Immediately-—6 mo. post coronary 
artery ligation 

1.500 and Immediately--2 mo. post coronary 

2,500 artery ligation 

3,600 Immediately—24 hr. post coronary 


artery ligation 
so0~3,600 Several hours post first treatment 
6 mo. post termination of radiation 
therapy 
One year post termination of radiation 
therapy 


2, 700-3, f00 


crit, white blood cell counts and peripheral 
smears were obtained for use as baseline 
values. Nothing further was done for a pe- 
riod of one vear. At the termination of this 
period, the dogs were again weighed and 
repeat roentgenograms, electrocardiograms 
and blood studies were performed. In addi- 
tion, bone marrow from the iliac crest was 
examined in each dog. Following these 
studies the animals were saerificed, and 
their organs examined grossly and micro- 
scopically. 


RESULTS 
A. BARIUM INJECTION STUDIES 


Injection of the hearts of nonirradiated 
control dogs dying in the first twenty-four 
hours post ligation revealed the absence of 
barium in the anterior descending branch 
of the left coronary artery and its branches 
distal to the ligature applied at operation 
(Fig. 14). The barium entered the right 
coronary and left circumflex coronary 
arteries and their branches, but did not 
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Fic. 1. (4) Anterior view of the heart of a nonirradiated dog dying one hour post ligation of the anterior 
descer ding coronary artery (arrow). Barium has been injected into the coronary orifices. Note the absence 
of barium in the ligated vessel and its branches. (B) Similarly injected heart of irradiated dog. Barium is 
seen in the anterior descending coronary artery and its branches. 


anastomose with or enter the region of the 
heart supplied by the anterior descending 
coronary artery (Fig. 24). Study of the 
irradiated hearts of similar dogs revealed 
a range of conditions varying from lack of 
filling of the anterior descending coronary 
artery to almost complete filling of the ves- 
sel (Fig. 15) by retrograde flow of barium 
from branches of the left circumflex artery 
(Fig. 2, B and C). Control dogs dying 
twenty-nine hours and four days post 
ligation showed onlv slight to moderate 
retrograde filling of the anterior descending 
coronary artery and its branches; however, 
those control dogs surviving one to two 
months post ligation exhibited good filling 
of the ligated vessel. In comparison, the 
hearts of irradiated dogs dying four, ten 
and forty-two days post ligation revealed 
good to excellent filling of the anterior 
descending coronary artery up to the point 
of ligation by retrograde flow of barium 


through anastomotic connections between 
the ligated vessel branches and the adja- 
cent intact coronary circulation. The hearts 
of irradiated dogs surviving two to six 
months exhibited excellent retrograde fill- 
ing of the area of infarction and appeared 
more vascular than the normal heart. 


B. ROENTGEN FINDINGS 

Roentgenographic findings of the injected 
hearts corresponded to the gross observa- 
tions mentioned above. In control dogs dv- 
ing within twenty-four hours, a large 
avascular area was seen in the region of the 
distribution of the ligated coronary artery 
(Fig. 34). This avascular area was not 
observed as frequently and did not appear 
as avascular on roentgenograms of com- 
parable irradiated heart specimens (Fig. 
3B). Roentgenograms of irradiated hearts 
two to six months post ligation demon- 
strated marked vascularity. 
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Fic. 2. (.4 Lateral view of a barium injected nonirradiated heart. Arrow points to bare area (devoid of barium) 
corresponding to the distribution of the previously ligated anterior descending coronary artery. No signif- 
icant irtercoronary anastomoses are seen between the ligated vessel and the left circumfles artery which 
contains barium. (B) Similarly injected irradiated heart. Note the presence of numerous barium filled 
anastoraotic connections between the anterior descending and left circumflex coronary artenes. (C) Close- 


up-of area of intercoronary anastomoses seen in B. 


C. CORROSION PREPARATION STUDIES 

Corrosion preparations of hearts injected 
with virylite demonstrated well the differ- 
ence in vascularity between control and 
irradiated hearts. Figure 44 shows the 
vascular pattern of the normal heart. Fig- 
ure 4B shows such a heart which has been 
subjected to ligation of theanterior descend- 
ing corenary artery. This has created a 
large avascular area corresponding to the 
distribu-ion of the ligated vessel. Figure 
4C shows an irradiated heart one-half hour 
post ligation. This heart is similar to the 
normal aonligated heart in vascularity. An 
avascul:r area is not seen. The distribution 
of the aaterior descending coronary artery 
has beea completely filled by plastic ma- 
terial fewing through anastomotic chan- 
nels frem both right and left coronary 
artery branches. 


D. GROSS AND MICROSCOPIC STUDIES— 
PATTERN OF INFARCTION 
There was no distinct gross difference 
betweer the hearts of irradiated and con- 
trol dogs in regard to the distribution of the 
infarctel area. In dogs surviving coronary 
artery Egation, the area of infarction us- 


ually involved most of the anterior wall of 
the left ventricle and the left border of the 
right ventricle. However, an analysis of the 
transverse sections of the hearts revealed 
an impressive contrast. All con-rol animals 
presented infarcted cardiac muscle involv- 
ing the entire thickness of the ventricular 
wall (Fig. 5 4 and 6 4). Irradizted dogs of 
equal survival periods did not exhibit this 
“through and through" infarction of the 
ventricular wall, but instead had spared 
areas consisting of varying thicknesses of 
normal heart muscle in the subepicardium 
throughout the extent of the infarction 
(Fig. < B and 6B). There was no difference 
noted in the endocardial distribution of the 
infarction. 

Microscopic sections taken from the re- 
gion of infarction in the control hearts re- 
vealed complete necrosis of the ventricular 
wall (Fig. 7.4). Sections of equivalent ir- 
radiated dogs’ hearts exhibited necrosis plus 
a superficial area of normal muscle (Fig. 
7 B). Healing (fibroblastic proliferation) be- 
gins in this spared area of myocardium as 
earlv as four davs post infarction while 
complete necrosis is still present in the 
center of the infarction. Tae sections 
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Vic. 3. C4) Roentgenogram of barium injected nonirradiated heart. Arrow indicates avascular area corre- 
sponding to the distribution of the previously ligated anterior descending coronary artery. (B) Roentgeno- 
gram of barium injected irradiated heart. The heart appears vascular. Note the absence of the avascular 
area seen in the region of the ligated vessel in the nonirradiated heart. 


through the area of infarction in control 
dogs did not show this fibroblastic prolifera- 
tion in the region of the subepicardium as 
there is no normal mvocardial tissue from 
which this can occur. Only the viable tissue 
adjacent to the necrotic area of infarction 
exhibited fibroblastic proliferation in the 
control animals. A greater frequency of 
calcium deposition was seen in the area of 
infarction in the hearts of control animals 
one month or more following infarction. 


E. RADIATION DAMAGE 
There was no evidence of mvocardial 
necrosis attributable to the effects of radia- 
tion in any of the irradiated hearts ex- 
amined. An inflammatory response of peri- 
carditis or myocarditis was not seen. There 


was no evidence of the formation of granu- 
lation tissue or myocardial fibrosis resulting 
from the cardiac irradiation. No evidence 
of obliteration of pulmonary or coronary 
vessels due to irradiation was seen on gross 
or microscopic analvsis. 

Examination of the lungs revealed the 
presence of a focal radiation induced pleu- 
ritis with subsequent pleural thickening in 
some of the irradiated animals. This effect 
was rarely seen in dogs receiving 1,500 r in 
air to the chest region. Those dogs receiving 
2,500 r and 3,600 r to the chest region ex- 
hibited these findings fairly consistently 
six months post irradiation. These changes 
were not seen in the animals studied seven 
to twenty-four days following the termina- 
tion of their treatments. The pleuritis in- 
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Vic. 4. 4%) Vinylite injection and corrosion specimen of normal coronary circulation (latera. view). Arrow 


points o the anterior descending coronary artery. (B) Specimen of nonirradiated heart one-half hour post 


ligatior of the anterior descending coronary artery. Note segment of absent coronary cireulation which 
corresponds to distribution of the ligated vessel. (C) Specimen of irradiated heart one-half aour post liga- 
tion of the anterior descending coronary artery. The pattern of vascularity resembles a norma! nonligated 


heart. Anterior descending coronary artery (arrow) has filled in a retrograde fashion by mears of function- 


ing intercoronary anastomotic channels. 


volved enly the area of lung underlying the 
field of rradiation and consisted grossly of 
patchy areas of gravish white pleural thick- 
ening (Fig. 8.7). The lung tissue at a dis- 
tance from the irradiated field appeared 
rormal Not all dogs receiving the same 
ameunt of irradiation showed the same 
degree of pleural involvement. Micro- 
scopic sections (Fig. 8B) revealed pleural 
fibrosis which in some cases involved sev- 
eral milimeters of the underlying lung 
parenchyma. The elastic membrane of the 
pleura was intact. There were no indica- 
tions br physical or pathologic examina- 
tion of ¿ny pulmonary effects of the radia- 
tion the-apy sufficient to interfere with nor- 
mal resoiratory function. Examination of 


Fic. 5. (2) Transverse section of nonirradiated heart 
two menths post ligation of anterior descending 
coronary artery. Arrow indicates area of ‘through 
and through" infarction in the anterior wall of the 
left vertricle. | B) Comparable transverse section 
of irrac&ated heart (2,000 r). Arrow indicates area 
of spared normal muscle overlying area of in- 
farctior. 
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Fic. 6. (4) Van Gieson stained section through area of infarction in nonirradiated heart two months post 
ligation. Arrow indicates area of infarction extending from endocardial to epicardial surface. (B) Compa- 
rable section of area of infarction in an irradiated heart (2,000 r). Arrow points to norma: muscle overlying 
the area of infarction. Note the presence of vessels in this area. 


the lungs of nonirradiated dogs subjected 
to thoracotomy six months previously re- 
vealed, in many cases, pleural thickening 
of equal or greater severity than that seen 
in the irradiated animals. The pleural 
thickening did not, however, extend into 
the lung parenchyma in the noni-radiated 
animals. 

Examination of the bone marrow taken 
from the ribs and sternum of i-radiated 
animals revealed the following findings: 
Dogs receiving 1,500 r exhibited normal to 
moderate hypocellular marrow at six 
months post irradiation. Dogs receiving 
2,500 r and 3,600 r exhibited moderate to 
marked focal hypocellular marrow changes 
six months post irradiation. In several dogs 
receiving 3,600 r, focal fibrosis was also 


noted. The most pronounced effects were 
seen in the direct field of irradiation (Fig. 
9/1). Sections taken from areas away from 
the irradiated field (Fig. 9B) showed nor- 
mal hematopoiesis. 

Other tissues in the irradiated dogs con- 
sisting of the mediastinal structures (tra- 
chea, esophagus, aorta) as well as stomach, 
small intestine, liver, spleen and kidney 
were examined. No changes in these were 
seen. 

The results of studies performed one year 
post irradiation on those animals which 
received no surgery or other treatment were 
as follows: 

T. All dogs maintained their pre-irradia- 
tion weight. 

2. Chest roentgenograms and electro- 
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Fic. 7. (4) Photomicrograph of a section of infarcted vencricular wall in nonirradiated heart seven days post 
ligation of the anterior descending coronary artery. Necrosis extends to the epicardial surface. Hematoxy- 
lin-ecsin stain X196. (B) Comparable section of irradiated heart. Arrow is in region of spared normal mus- 
cle in subepicardium. 


cardiograms showed no significant changes. 

3. Blood studies (hemoglobin, hemato- 
crit, white blood cell count, peripheral 
smear and iliac crest marrow examinations) 
showed no significant alterations, and were 
within normal limits. 

4. All dogs were in good health when 
they were sacrificed. 

5. Gross and microscopic findings re- 
vealed patchy areas of pleural thickening 
of both lungs underlying the portals of ir- 
radiation. There was no pleural effusion or 
evidence of radiation pneumonitis or pul- 
monary fibrosis. 

6. No pericarditis, pericardial effusions, 
or gross myocardial damage was seen. 

7. The coronary vessels were not ob- 
literated. 

8. The esophagus was grossly unremark- 


able (microscopic sections wer2 taken and 
confirmed the above gross fincing). 

g. Sternal marrow in the irradiated area 
was as previously described. Normal hema- 
topoiesis was seen in marrow obtained 
away from the irradiated area. 


DISCUSSION 


Previous studies*!^" have shown that 
dogs receiving cardiac irradiation prior to 
left anterior descending coronary artery 
ligation have a higher rate of survival and 
greater intercoronary anastomotic blood 
flow than do nonirradiated animals. A 
pathologic analysis of equivalert irradiated 
and nonirradiated hearts is of great help 
in understanding the cause of -he increase 
in the survival rate and in the coronary 
blood flow. Although the norm: pattern of 
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Fic. 8. (4) Photograph of dog's lungs taken at time of thoracotomy six months post irradiation (3,600 r). 
Several areas of pleural thickening are present. These changes are limited to the area of irradiation. The 
remaining pleural surfaces appear normal. (B) Photomicrograph of section of lung tissue underlying the 
field of irradiation (3,600 r) six months post irradiation. Note pleural thickening and small area of sub- 
pleural fibrosis. The elastic membrane cf the pleura is intact. The remainder of the underlying lung tissue 


appears normal. Hematoxylin-eosin stain X $8. 


coronary artery distribution to the heart 
physiologically amounts to an enc arterial 
system,” anatomically the terminal ramifi- 
cations of the coronary arteries are in 
mutual cross communication by way of a 
network of minute intercoronary vascular 


channels.” 5! Husni and Simeone? reported 
that the changes associated with the forma- 
tion of collateral circulation in the myo- 
cardium when a major artery isoccluded are, 
for the most part, attributable to the estab- 
lishment of an increased gradient cf pres- 


VoL. 86, No. 4 


Effects of Cardiac Irradiation 


749 





Vic. 9. C4) Photomicrograph of sternal marrow taken from irradiated field six months post irradiation (3,600 
r). A focal area of hypocellular marrow is present. Hematoxylin-eosin stain X 196. (B) Photomicrograph 
cf sternal marrow taken from area remote from field of irradiation six months post irradiation (3,600 r). 
Normal hematopoiesis is seen. Hematoxyl n-eosin stain X58. 


sures between che intact arteries and the 
small intercoronary communicating vessels 
in the area immediately adjacent to the 
ischemic myocardium. Their data suggested 
that such preformed intercoronary anasto- 
motic connections were available in the 
majority of dogs studied. Bellman and 
Frank? state that though this system of 


communicating vessels is present, there is 
normally no substantial flow through these 
collateral channels because of their high 
resistance to blood flow. They also state 
that no substantial flow through these 
channels is to be expected immediately 
following coronary occlusion despite the 
maximum pressure gradient resulting from 
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the occlusion. Survival then apparently de- 
pends upon the adequate functioning of this 
preformed intercoronary bed at the time of 
occlusion. It is believed that dilatation of 
any of these intercoronary vascular chan- 
nels (terminal arterioles, intercoronary 
arterial vessels, venules, capillary bed) 
must necessarily be accompanied by similar 
dilatation of all the rest.! We postulate that 
successive small doses of radiation produce 
dilatation of the existing myocardial capil- 
laries and precapillary arterioles and thus 
account for the demonstrated increase in 
survival rate and the evidence of increased 
blood flow. There was no evidence of forma- 
tion of granulation tissue with subsequent 
new vessel formation at the doses of radia- 
tion administered. 

In the present study it was seen that 
when the anterior descending coronary 
artery is ligated in a nonirradiated dog, a 
large area of myocardium, corresponding to 
the distribution of the ligated vessel, is 
deprived of the normal inflow of blood. “All 
blood to this area must now enter in a 
retrograde fashion from branches of the 
left circumflex and right coronary arteries 
adjacent to the area of infarction. That this 
intercoronary anastomotic supply is func- 
tionally inadequate in the normal dog is 
demonstrated by the injection studies which 
show a bare area, devoid of barium or 
plastic, corresponding to the distribution of 
the anterior descending coronary artery. 
There were few, if any, intercoronary anas- 
tomotic connections open to permit the 
filling of this area in a retrograde fashion. 
Analysis, however, of the irradiated animals 
reveals the presence of functioning anasto- 
motic channels through which barium and 
plastic flow in a retrograde fashion. The 
region of the myocardium supplied by the 
ligated vessel was thus filled and the bare 
area seen in the nonirradiated animals was 
not seen to the same extent. Irradiated 
hearts appeared in many cases to be com- 
pletely vascular, despite the fact that the 
arterial inflow of a major vessel had been 
completely occluded. 

Lumb and co-workers? have reported 
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that following ligation of the anterior 
branch of the left coronary artery "the 
surviving animals had infarction of the 
entire thickness of the anterior wall of the 
left ventricle distal to the ligature." The 
nonirradiated dogs in our study exhibited 
this finding. However, of great interest is 
the fact that the irradiated hearts did not 
exhibit this "through and through" infarc- 
tion, but contained a spared area of normal 
muscle in the subepicardium overlving the 
area of infarction. The presence of this 
extra area of normal muscle is important 
as regards the heart's ability to recover 
from the infarction. There is now a new 
dimension from which the reparative proc- 
esses can occur. This also acts to accelerate 
the healing process. Ín the control dogs the 
necrotic area of infarction remained longer 
without being replaced by granulation tis- : 
sue, and calcium was deposited in the 
necrotic muscle. In the faster healing ir- 
radiated dogs, there was much less oppor- 
tunity for calcium deposition as the necrotic 
muscle fibers were absorbed by the healing 
process. 

In the present study the cardiac irradia- 
tion was carried out directly through both 
lung fields. In the human application, an 
anterior chest field avoiding lung tissue 
could be used and thus the pleural effect 
noted at the higher radiation doses could be 
prevented. 


SUMMARY AND CONCLUSIONS 


1. Ligation of the anterior descending 
coronary artery has been performed on 66 
dogs following varying doses of cardiac ir- 
radiation at varying intervals of time. A 
pathologic analysis of the hearts by means 
of injection and corrosion studies, and 
gross and microscopic examination has been 
carried out. Thirty control dogs, similarly 
ligated but not irradiated, were studied 1n 
the same manner. Nineteen irradiated 
animals, dying at varying intervals during 
and after radiation therapy (but prior to 
coronary ligation), were also studied. 

2. Theirradiated animals presented func- 
tioning intercoronary anastomotic chan- 
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nels at the time of coronary ligation. 

3. * spared area of normal muscle was 
seen ia the subepicardium overlying the 
area o. Infarction in the irradiated hearts. 
This fading was not observed in the nonir- 
radiated control hearts. 

4. Irradiated hearts healed faster than 
equivalent control hearts following myo- 
cardia infarction, as healing could occur 
from tae spared area of normal muscle. 

s. The effects of varying doses of cardiac 
irrad:ction upon the heart, lungs, bone mar- 
row, hemogram and medi ae qnal tissues 
have been studied up to one vear following 
irradiation. Evidence of focal radiation in- 
duced pleural and marrow changes directly 
under the field of irradiation was observed 
at scrae doses. The significance of these 
findings 1s discussed. 

Eliot S«nderot?, M.D. 
The Mount Sinai Hospital 


Fifth Avenue and One Hundredth Street 
Now Yerk 29, New York 
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THE USE OF TRIMETHOBENZAMIDE (TIGAN) FOR 
THE TREATMENT OF RADIATION INDUCED 
NAUSEA AND EMESIS* 


By J. 4. BURWELL, M.D.,* B. WOLFSON, 


PITTSBURGH, 
AUSEA and vomiting are frequent 
complications of radiation therapy. 

There is no universally accepted explana- 

tion of their etiologv. The possible factors 

mentioned in the literature include: (a) 

toxic cellular disintegration products;? (b) 

destruction of intestinal mucosa following 

abdominal irradiation; (c) choline poison- 
ing; (d) general debility and cachexia in 

a patient with advanced cancer; (e) 

vitamin deficiency; (f) histamine re- 

lease;*^'* (g) increased capillary perme- 

ability and a shock-like syndrome;'” (h) 

chloride depletion;? and (1) psychic fac- 

tors.” 

It is not surprising that, with such varia- 
tion in the suggested etiology, the recom- 
mended therapeutic measures are also ex- 
tremely varied. Thus, in the past, good 
results have been claimed following the 
administration of: (a) sodium chloride; 
(b) various members of the vitamin B com- 
plex,^^ especially pyridoxine;!*? (c) vita- 
min C;° (d) parenteral liver therapy; (e) 
antihistaminics such as benadryl; ends (f) 
hormones, e.g., desoxycorticosterone ace- 
tate? and ACTH.” 

In recent years, much attention has 
been focused on drugs with a specific anti- 
emetic action. Cvclizine (marezine)? and 
dimenhydrinate (dramamine)'* and also 
many members of the phenothiazine group 
of drugs have been investigated. Among the 
latter, chlorpromazine (thorazine), per- 
phenazine — (trilafon);? prochlorperazine 
(compazine)? and mepazine (pacatal)? 
have been studied. Drowsiness is a frequent 
side effect of all of these drugs. With some 
of the phenothiazine derivatives, especially 
thorazine, more serious side effects, such as 
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hypotension and jaundice,” have been re- 
ported. The drowsiness that mav accom- 
pany the use of these agents is especially 
undesirable when radiation therapy is car- 
ried out on outpatients. 

Because of the possible undesirable side 
etfects of the phenothiazine derivatives, it 
seemed worthwhile to investigate the thera- 
peutic efficacy, in radiation induced nausea 
and emesis, of trimethobenzamide (tigan), 
a recently introduced antiemetic, chem- 
ically unrelated to the phenothiazines. 


MATERIAL AND METHOD 


The material for this study was selected 
from 276 consecutive patients undergoing 
cobalt 60 teleradiation therapy with skin 
doses ranging from 1,250-2,000 r per week 
and with treatment portals ranging from 
5X5 to 12X20 cm. In an effort to elimi- 
nate some of the psychologic factors, no 
patient was told that nausea and vomiting 
might accompany the treatment. Only 
those patients who did not have nausea or 
vomiting prior to therapy and who com- 
plained spontaneously of this complication 
within the first ten davs of treatment were 
included in the investigation. There were $4 
such patients and these were arbitrarily 
divided into two groups. The 31 patients in 
the first group received 200 mg. of tigan 
four times dailv, and the 23 patients in the 
second group received a placebo, desig- 
nated “tigan X,” which was identical in 
appearance with tigan. The technician al- 
locating the drugs did not know which was 
the active drug and which the inert placebo. 

Evaluation. of the results was made 
forty-eight hours after the institution of 
medication by one of us ( J. A. B, who sim- 
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ilarly did not know whether the antiemetic 
or the placebo had been administered to 
the patient. The identity of the medica- 
tion was revealed only after the therapeutic 
results had been evaluated in all patients. 

The intenstv of the symptoms was 
graded as: (a: severe (severe nausea and 
frequent vomiting); (b) moderate (infre- 
quent vomiting and/or moderate to severe 
nausea); and (c) mild (little nausea and no 
vomiting). For purposes of evaluation, the 
patients in both the tigan and placebo 
groups were divided according to the 
inrensity of their symptoms into 3 sub- 
groups each, corresponding to the response 
to treatment which was graded as follows: 
(a) complete; (b) partial; and (c) no relief. 


RESULTS 


As mentioned above, only 54 of the 276 
patients (20 per cent) complained of 


vomiting and/or nausea within ten days 
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ay 


i 


of the commencement of the radiation ther- 
apy. It can be seen in Table 1 that the 
incidence of nausea and vomiting varied 
with the area irradiated. It was highest (38 
per cent) after irradiation of the abdomen, 
less (22 per cent) after irradiation of the 
thorax, and least (5 per cent) after treat- 
ment of other parts of the bocy. 

As is obvious from Table ir, which shows 
the effectiveness of treatment, tigan pro- 
duced some degree of relief in 30.6 per cent 
of the patients and failed to do so in 19.4 
per cent. Contrariwise, placebo medica- 
tion was helpful in 60.8 per cent of the 
cases and ineffective in 39.2 per cent. Of the 
4 patients in the subgroup with severe 
svmptoms who received tigan, 2 derived 
partial relief and 2 were not benefited. On 
the other hand, none of the 3 patients in 
the corresponding subgroup who were 
given the placebo showed any improve- 
ment. Furthermore, of the 21 patients with 
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Taste H 
EFFECTIVENESS OF ANTIEMETIC TREATMENT 
Tigan Tigan X (Placebo) 
Complete Partial No Í No Complete | Partial No 

Intensity SF Relief Relief Relef | aC Relief | Relief Relief 
Symptoms |. 7 | x. Per Per iy Pero dca Per Per Per 

ym tients No. į : SE No. "tients No. m E. : 

| cent | cent cent i cent | cent | cent 

es | pee | A n . 
Severe i © oo | 23 go 2 $0 i oO oO oo 3 109 
Moderate | 21 | 12 3$; | 6 29 3044 2 |j I oğ 3 $9 4 ^33 
Mild e | § 831 io oo I ot 8 Os gg o oO Xo 36 
Total i 31 j| 17 54.8) 8 Bi 6 19.41 23 7 30.4 7 30.4] 9 39.2 


moderate symptoms who received tigan, t2, 
or 57 per cent, derived complete relief and 
only 3, or 14 per cent, were not benefited, 
but, of the 12 patients in the corresponding 
subgroup who were given placebo medica- 
tion, only 1 patient, or 8 per cent, experi- 
enced complete relief and 4 cases, or 33 
per cent, were not benefited. In the sub- 
groups with mild svmptoms the results 
with tigan were only insignificantly superior 
to those with placebo medication. 

No side effects attributable to tigan were 
observed in this series. 


DISCUSSION 


It is evident, both from the results of this 
investigation and from the reports of other 
workers,'^? that teleradiation applied to 
the abdomen produced more nausea and 
vomiting than that encountered after ir- 
radiation of other regions. Furthermore, the 
nausea and vomiting were more severe and 
refractory to treatment after irradiation of 
this area. Similarly, the incidence and se- 
verity of symptoms appeared to be greater 
after long-term than after short-term ther- 
apy.!? 

The therapeutic efficacy of such variable 
measures as those summarized earlier in 
this paper suggests the importance of psy- 
chologic factors in radiation-induced nausea 
and vomiting. This is confirmed bv the 
number of placebo reactors seen both in this 
and other series. For example, Stoll? re- 


ported 53 to 75 per cent relief with place- 
bos. Consequently, when assessing the 
therapeutic value of different drugs, it is 
necessary to consider not onlv the degree 
of relief obtained from the drug and from 
a placebo, but also the site irradiated, the 
amount of radiation given, and the severity 
of the initial symptoms. 

Solan” compared the antiemetic effect of 
compazine, pyridoxine and a placebo in 
45 patients. He found that 16 out of 16, 
11 out of 14 and g out of 15 patients ob- 
tained some degree of relief after compa- 
zine, pyridoxine or a placebo, respectively. 
Unfortunately, no information was given 
regarding the site and dose of irradiation 
or the intensity of the initial symptoms. 
Marks" reported good results in 84 out of 
85 patients with thorazine, but control 
studies with a placebo were not included 
in this investigation. Where larger doses 
(so mg.) of thorazine were given intra- 
muscularly, drowsiness occurred in some 
patients. 

Dickson? obtained excellent results with 
trilafon in a small number of cases. How- 
ever, here again no information was given 
regarding site or dose of irradiation or 
severity of symptoms, and no controls were 
used. 

The results reported with pyridoxine have 
been conflicting. In Shorvon’s!§ series, 
without placebo controls, go per cent im- 
provement was reported. In a study with 
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placebo controls, Stoll? reported £4 to 60 
per cent relief en pyridoxine, but he also 
found improvement in 53 to 75 per cent 
after a placebo. Silverman ef alt" found 
pyridoxine or a mixture of pyridoxine and 
dramamine to be no more effective than a 
placebo. 

Stoll obtained ¢5, 76 and 77 per cent 
relief with marezine, thorazine and pacatal, 
respectively, when the site of irradiation 
was below the diaphragm. Although no 
results with placebos are given for this 
group, the over-all relief after placebos, 
reported in the same paper, was 54 to 60 
per cent. Stoll considered pacatal to be the 
most satisfactory of these drugs. Side 
effects, in this investigation, were limited 
to a few cases of drowsiness after thorazine. 

If the cases with severe and moderate 
symptems in this study are combined, 20 
of 25 patients who received tigan and 8 
of 15 patients who were given the placebo 
derived some degree of relief. These fig- 
ures (8o per cent for tigan and 53 per cent 
for the placebo) are similar to those quoted 
for paeztal and a placebo.” While tigan 
failed co give complete relief in any case 
with very severe symptoms, it did give 
partial relief in so per cent of such cases. 
On the other hand, placebo medication 
consistently failed to give any relief in this 
type of case. More than one half of the pa- 
tients w:th moderate svmptoms were com- 
pletely relieved with tigan, but only t of 12 
patients who received placebo medication 
in the corresponding subgroup became 
asymptomatic. Since the degree of relief 
with pacatal is not mentioned in Stoll’s” 
study, a comparison of his results and ours 
is not tco meaningful. 

The clinical impression of the radiologists 
(J.A.B. and C.R.P.) participating in this 
study was that tigan was as good, or better, 
than the other drugs (pyridoxine, com- 
pazine, etc.) thev had previously used for 
the treatment of radiation induced nausea 
and emesis. The lack of side effects from 
tigan was greatly appreciated by patients 
and rad:otherapists alike. 

In another study,? 200 mg. tigan, 
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ministered intramuscularly 3 times at three 
hour intervals after Suid was only 
moderatelv etfective against postoperative 
nausea and vomiting, as conypared with 
placebo injections. In contrast, Adriani e¢ 
al? reported that so mg. of tigan admin- 
istered intravenously was 109 per cent 
effective in the treatment of severe post- 
operative nausea and emesis. Considerably 
larger doses (200 mg.) were also used with- 
out ill effects for the same purpose by other 
investigators. In view of these findings, 
an investigation of the efficacy of tigan 
given intravenouslv for the treatment of 
radiation induced nausea and emesis will 
be undertaken. 


SUMMARY 


I. Of 276 consecutive patients treated 
with cobalt 60 teleradiation with skin 
doses ranging from 1,250 to 2,coo r per 
week, 54 A spontaneously of 
emesis and/or nausea. 

The ae of vomiting and/or 
nausea was 38, 22 and § per cent following 
irradiation of the abdomen, thorax, and 
other parts of the body, respectively. 

3. Of the s4 patients who developed 
vomiting and/or nausea, 31 received 200 
mg. tigan by mouth four times daily, and 
23 were given a placebo of identical appear- 
ance. The studv was carried out with a 
double blind technique. 

Tigan produced some degree of relief 
in 80.6 per cent of the patients and was 
ineffective in 19.4 per cent. The correspond- 
ing figures for placebo medication were 
60.8 per cent and 39.2 per cent. 

g. In. patients with severe symptoms, 
neither tigan nor the placebo was com- 
pletely effective. Whereas tigan zave partial 
relief in 50 per cent of these cases, no reliet 
at all was obtained with the placebo. In 
patients with moderate symptoms, tigan 
gave complete relief in 57 per cent and 
partial relief in 29 per cent. The placebo 
gave complete relief in onlv 8 per cent and 
partial relief in $9 per cent. In patients 
with mild symptoms, tigan and the placebo 
were almost equally effective. 
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6. No side effects were encountered with 


tigan. 


7. It is concluded that tigan is an effec- 


tive antiemetic in radiation induced nausea 
and vomiting. 


C. 


R. Perryman, M.D. 


1400 Locust Street 
Pittsburgh 19, Pennsylvania 


10. 


II. 
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SPLENIC SCINTILLATION SCANNING* 


By PHILIP M. JOHNSON, M.D.,t ERNEST H. WOOD, M.D., and STEWART L. MOORING, M. 


NORTH CAROLINA 


CHAPEL HILL, 


p E human spleen, roentgenologically 
homogeneous and lacking an opacifi- 
able lumen, has not proved susceptible to 
satisfactory detailed roentgenologic study. 
It is chiefly. by indirect evidence that 
splenic size and configuration may be eval- 
uated. Opacification of the spleen with 
thorium: dioxice has been virtually aban- 
doned because c CN Splenopor tog- 
raphy demonstrates the splenic veins but 
very litle of che spleen itself. Colloidal gold- 
198 is concentrated bv reticuloendothelial 
tissue wherever it lies and consequently has 
been u:ed to demonstrate the spleen bv 
scintiliction scanning, but never without 
the urvanted accompanying image of the 
liver which itself traps much of the radio- 
active colloid. Further, the amount of gold- 
198 taken up by the normal spleen is said 
to be msufficient for clinical scintillation 
scannitu.’ 

bn a previous report? we have outlined 
the praeticality of splenic scintillation scan- 
ning, without interference from hepatic 
radioaciivity, by an atraumatic method 
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which causes selective splenie uptake of 
radioactive red blood cells. We have since 
acquired experience e with a second method 
which, like the first, is a means of modifv.ng 
red blood cells so that thev ire trapped 
within the physiologic "filters" of che 
spleen and liver. Because its “Alter” is -he 
more efficient, the spleen acquires a con- 
sidera bly greater concentration of seques- 
tered red blood cells than does the liver. 
Ve have reviewed both metheds in detail 
elsewhere." Briefly, normal rec blood cells 
may be modifed for trapping either by 
coating (e. sensitizing) D-positive cells 
with high-titer human anti-D serum, or by 
heating the cells at 49.8?C. for 15 minutes 
(Fig. 1). Either isologous or compatible 
homologous red blood cells may be used. 
The heated cell technique, a clinically 
simple procedure, has significant. advan- 
tages over the sensitization method. It is 
applicable to all subjects regardless of Rh 
genotype, affords less opporturity for con- 
tamination of red blood cells, requires 
only 30 minutes for preparation including 
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Fic. 2. Ratio of detectable splenic and hepatic radi- 
ation (S:L ratio) after administration of modified 
radioactive red blood cells. 


addition of the chromium-s51 label and 
results in a more rapid uptake of red blood 
cells by the spleen. Heating red blood cells 
in this manner increases their osmotic 
fragility, causing swelling of the cells and 
deformity into spheroidal forms which may 
in turn become microcytes by a type of 
fission.? These abnormal cells presumably 
become trapped in the splenic pulp after 
transfusion. The present study has shown 
the heated cell method to be applicable 
also to abnormal red blood cells from pa- 
tients with sickle cell anemia and heredi- 
tary spherocytosis. 

The relative splenic and hepatic uptake 
of transfused radioactive red blood cells is 
expressed as the spleen:liver ratio (S:L 
ratio) (Fig. 2). Scintillation probes are used 
to measure the detectable radiation in 
counts per minute at the skin over the 
spleen, liver and thigh. The thigh “count,” 
an approximation of circulating or body 
background radioactivity, is subtracted 
from the gross spleen and liver “counts” 
to yield net values of the latter. 

The rate of clearance of transfused radio- 
active red blood cells may be inferred from 
serial measurements of “body background" 
radiation, but quantitation of the red blood 
cell clearance (or survival) curve requires 
in vitro measurements of the amount of 
radioactivity per milliliter of red blood 
cells in serial samples (Fig. 3). 

The scintillation scan may adequately 
be recorded by conventional printout on 
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carbon-backed paper; however, we have 
preferred the photoscan technique because 
it allows contrast amplification, increases 
the appreciation of splenic configuration 
and permits later superimposition of the 
roentgenographic image of the spleen. The 
"dot" scan is useful as a visual monitor 
during the scanning process. In this in- 
vestigation we employed a 2-inch scintilla- 
tion crystal with cylindrical collimator, 
thus obtaining high sensitivity at the ex- 
pense of relatively low resolution. 


THE NORMAL SPLEEN 


Our concept of the normal splenic scinti- 
scan Is based on experience with adult sub- 
jects without clinical or laboratory evidence 
of splenic disease (Table 1). Sensitized red 
blood cells were used in 8 cases, heated red 
blood cells in 4. The normal spleen and 
liver acquire radioactivity rapidly after 
transfusion. A greater concentration of 
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Fic. 3. Representative curves illustrating clearance 
of modified radioactive red blood cells from the 
circulation. 
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radioactivity within the spleen becomes 
evicent within 15 minutes. Reflecting this, 
the S:L ratio aes AU bi to an 
average value of (range 2.9-8.4:1) 
at four hours. At this time virtually all 
radioactive cells have been cleared from the 
circulation. 

Maximum splenic radioactivity — is 
reached between 24 and 48 hours after 
transfusion, and the average peak S:L ratio 
of §.6:1 occurs at 48 hours. Thereafter 
physical decay plus exponential release of 
chromium from the spleen and liver cause 
a gracual steady decrement of radioactivity 
in these organs. Splenic scintillation scan- 
ning 1s best performed between the 4th and 
48th post-transfusion hour, although it may 
be done at 2 hours or as late as 7-8 days. 

The normal splenic photoscan (Fig. 4, Z 
and B) reveals an area of nearly homo- 
geneous density on the film; the density is 
maximal centrally. This area is Cefined by 
relatively sharp margins and its configura- 
tion fits the familiar roentgenolozie depic- 
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tion of the frontal projection of the spleen. 
The splenic image is variably rounded or 
ovoid but not circular. The splenic “notch” 

has not been demonstrated. The scano- 
graphic and roentgenographic images are 
virtually superimposable. On the posterior 
photoscan the normal spleen has an approx- 


imate mean area of 60 sq. cm. (range of 40 
to 80 sq. em.). 
THE ABNORMAL SPLEEN 


Nineteen studies have been performed in 
18 patients with various diseases of the 
spleen. In each case the diagnosis was 
established definitively by appropriate 
methods (Table 1). 

(a) Hereditary Spherocytosis. In 2 female 
patients hospitalized for hereditary sphero- 
cytosis, preoperative splenic scintiscans 
confirmed clinically noted splenomegaly 
and demonstrated homogeneous distribu- 
tion of radioactivity in the enlarged 
spleens. Each patient was given isologous 
heated cells, augmenting the existing 





Fia. 4. G4) Lower (Case 20) and (B) upper (Case 9) limits of normal spleen size 
as demonstrated in the posterior photoscan. 
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Fic. c. Case 18. Hereditary spherocytosis. (4) In vivo photoscan shows splenomeg:lv. 
Compare with photograph (B) and photoscan (C) of resected spleen. 


spherocytosis without macroscopk evi- 
dence of hemolysis. An eleven vear old 
patient (Case 26) exhibited a 24 hour S:L 
ratio of 5.5:1, whereas a ratio of 2.7:1 was 
found m a twenty-seven year old patient 
(Case 18) (Fig. 5, 4, B and C). Immedi- 
ately after splenectomy the intact spleens 
were obtained for scintillation scanning. 
These scans demonstrated an essentially 
uniform dispersion of — chromium-s1 
throughcut the organ in each instance. 
Further, they confirmed the intrasplenic 
location of the chromium 51 and indicated 
the resolwing capabilities of the cylindrical 
collimator. 

(b) Sickle Cell Anemia. Two Negro 
males wich sickle cell anemia, aged six years 
and thirty years, were studied with isol- 
ogous heated cells. Limited study of the 
child (Case 27) using 100 uc of chromium-s 1 
produced a 72-hour S:L ratio of 10.8:1, 
confirmed the presence of splenomegaly and 
showed uniform distribution of splenic 
radioactivity (Fig. 6). In the adult patient 
(Case 29), however, the S:L ratio at 2 
hours was 0.5:1. Inversion of the ratio per- 
sisted without change during three and a 
half weeks of observation. Net splenic 
radioactwity remained low and no scan 
was performed. This patient’s spleen was 


not palpable clinically nor visible roent- 
genologically. Measurement of »ody back- 
ground levels suggested that the red blood 
cell clearance rate was unusually slow. 
These patients represent widely sepa- 
rated clinical stages of sickle cell anemia, 
the adult patient having advanced well 
toward the condition of autosplenectom v. 
(c) Leukemia Lymphoma. O^ 6 patients 
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Fic. 6. Case 27. Sickle cell anem a with 
splenomegaly i in a six year old chi d. 





Fie. 7. Case 25. Acute lymphoblastic leukemia. 
Photoscan-radiograph shows predominantly cen- 
tral distribution of radioactivity in the enlarged 
spleen. 


in this group, satisfactory splenic scans were 
obtained in 5, and splenomegaly was 
demonstrated in 4 (Fig. 7). The 5:L ratios, 
measured at various intervals, ranged from 
5.4 to I to 10.2 to 1. Both sensitized and 
heated cells were used. The enlarged 
spleens exhibited apparently homogeneous 
distribution of radioactivity throughout the 
parenchyma. In one patient (Case 14) a 
palpable left upper quadrant mass, thought 
clinically to be an enlarged spleen, was 
shown to be extrasplenic by the scan (Fig. 
8, 4 and B). Conversely, in Case 11 a 
clinically atypical left-sided mass 
proved to be the spleen. 

Selective splenic uptake of isologous 
heated cells failed to occur in a thirty-two 
vear old female (Case 23) with chronic 
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granulocytic leukemia and massive hepato- 
splenomegaly. An unsatisfactory scan 
showed faint, equal density of each organ. 

(d) Hepatic Disease. Of 4 patients in this 
group, failure to obtain a satisfactory 
splenic scan occurred in one (Case 15), a 
sixty-two year old male with fatty meta- 
morphosis. In this case there was inten- 
tional inadequate heating of isologous red 
cells. That only a portion of these cells be- 
came morphologically abnormal is sug- 
gested by the atypical red blood cell clear- 
ance curve which leveled into a plateau at 
the 80 per cent level ro minutes after trans- 
fusion. In 3 patients having Laennec's 
cirrhosis (Cases 22, 24, 30), very high S:L 
ratios occurred and satisfactory splenic 
scans were made. Each scan demonstrated 
splenomegaly with essentially homogeneous 
distribution of radioactivitv. Lateral scans 
in 2 cases presented the splenic image in 
sagittal projection and demonstrated an 
anterior concavity (? liver impression) in 
one (Fig. 9, 7 and B). 

(e) Other Diseases. Four patients with 
miscellaneous diseases are included in this 
group. Clinical splenomegaly was confirmed 
by splenic scan (Fig. 10, ,7 and B) in an 
elderly male with myelofibrosis (Case 10). 
Shrinkage of the spleen was demonstrated 
by a repeat scan after completion of local 
roentgen ray therapy. 

Splenomegaly with nonuniform distri- 
bution of radioactivity was demonstrated 
in a twenty-eight year old Negro male 
(Case 28) with systemic sarcoidosis (Fig. 
11). A homogeneous splenic photoscan was 
obtained in a forty-one vear old white fe- 
male (Case 12) with slight splenomegaly of 
indeterminate etiology; clinically, the pres- 
ence of splenic enlargement had been equiv- 
ocal. In the final patient (Case 16), a 
sixty-six year old white female, thorium 
dioxide had been employed for carotid 
arteriography seven years earlier, and 
roentgenologically the spleen was shrunken 
and opacified. Diminution of splenic func- 
tion was suggested by a 24 hour S:L ratio 
of 2.9:1, but a satisfactory photoscan was 
obtained. This demonstrated a splenic area 
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Case 14. Lymphoblastic lymphoma. (4) Photoscan and (B) photoscan-radiograpa. Clinically 


Gagnosed splenomegaly was disproved by scan; left upper quadrant mass was extra ;plenic. 


of only 20 sq. em. Of interest was the loca- 
tion of the splenic photoscan image below 
the op queYroentgenologic image on the 
combined photoscan-radiograph (Fig. 12, 
4 and B). A conceivable explanation for 
this dis-repancy is that an accessory spleen 
had fommed after the thorotrast insult to 
the primary spleen and was the source of 
radioacivity. 


HAZARDS 


No uttoward or undesirable reaction was 
observe in this investigation. The poten- 
tial hematologic hazards are virtually 
negligitle. Using ABO- and Rh-compatible 
red blo»d cells, the danger of inducing sig- 
nificant antibody formation is minimal. 
Nevert teless, it may be eliminated by using 
the pament's own cells. Jn vivo red blood 
cell cozting by excess (unbound) anti-D 
serum tn the transfused red blood cell 
suspension is preventable by washing the 


cells after sensitization. Even the remote 
possibility of hemolysis of aM transfused 
blood should have no signifieant clinical 
effect since only 6 to 8 ml. of red blood cells 
are administered. 

The amount of radiation del vered to the 
whole body, the liver and spleen, and the 
gonads depends on the variable factors of 
chromium-51 dosage, rapidity of red blood 
cell clearance, relative concentration of 
sequestered cells in the liver and spleen, the 
masses of these organs and their distance 
from the gonads. 

Using reasonable assumptions based on 
data derived from this investigation, the 
calculated zotal radiation dose> to various 
tissues after administration cf 150 uc of 
chromium-51 bound to modified red blood 
cells are as follows: the whole cody receives 
not more than $4 millirads; the ovary 
receives 63 millirads; the /ests receives 18.5 
millirads; the Zver receives 319 millirads; 
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Fis. 9. Case 24. Laennec's cirrhosis with hepatosplenomegaly. (4) Frontal and (B) lateral photoscan- 
radiographs reveal location of enlarged spleen and homogeneous distribution of radioactivity. 
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Fic. 10. Case 10. Myelofibrosis with marked splenomegaly. Anterior photoscans show (4) initial 
enlargement of spleen and (B) shrinkage of organ after roentgen irradiation, 
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and th- sp/eez receives 10.7 rads.* The 
spleen. sequestering the majority of the 
radioac ive red blood cells, acquires the 
greatest amount of radiation. The total 
splenic dose of 10.7 rads may perhaps be 
compared to the dose delivered to a 40 gm. 
thyroid gland taking up 9 uc of iodine-131 
with an effective half-life of 5.5 days; under 
these ccnditions the thyroid gland receives 
a total lose of rg rads. 
DISCUSSION 

On tne basis of this investigation an 
assessment of the clinical value of splenic 
scintillation scanning can be made. The 
splenic scan objectively demonstrates the 
size, location and configuration of func- 
tioning splenic tissue. This delineation lacks 
the high resolution of which roentgenologic 
method: are capable, a disadvantage which 
is offse by the frequency with which a 
complet splenic image is seen. The splenic 
scan is valuable in the differential diagnosis 
of mass lesions of the left upper abdomen, 
as in Case 11 and 14, and permits a positive 
statemeat concerning the presence or ab- 
sence of splenomegaly, as in Case 12. The 


splenic scan may permit identification of 


accessory splenic tissue; onlv further ex- 
perience will clarify this possibility. This 
statement also applies to the use of red 


blood cdl trapping for rapid localization of 


the small or slightly enlarged spleen prior 
to splen»portography. 

Except for one patient with sarcoidosis, 
the avadable clinical material did not pro- 
vide an opportunity to study discrete intra- 
splenic granulomata or other localized 
lesions; the volume of such lesions would 
largely letermine whether they would be 
detectec by a low-resolution collimator. 
However, focal intrasplenic lesions not only 


are unecmmen but lack the significance of 


nonfuncioning hepatic and thyroidal nod- 


* The assamptions employed in these calculations were: (1) 
5/6 of the administered dose of 150 ucof chromium 51 enters the 
spleen and 1 6 enters the liver, with homogeneous distribution of 
the nuclide each ergan; (2) the effective half life of chromium 
51 in the spl en and liver is 16.4 days and 21.8 days respectively; 
(3) the normal spleen and liver weigh 150 gm. and 1,700 gm. 
respectively their effective centers are 25 cm. apart; (4) the 
distance from spleen orliver to the ovary is 30 cm. and to the 
testis is 40 c n. 
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lic, 11, Case 28. Sarcoidosis with splenomegaly. 
Nonhomogeneous distribution of radioactivity 
suggests partial replacement of functioning pa- 
renchyma by granulomata. 


ules, the differential diagnosis of which 
frequently must include the possibility of 
neoplasia. 

Two interrelated aspects of the splenic 
scanning procedure require additional in- 
vestigation. A semilogarithmic plot (Fig. 
3) of radioactive red blood cel clearance 
vields either a linear curve, reflecting the 
action of a single exponential “unction, or 
a nonlinear curve. Nonlinear curves can 
usually be resolved into two inear com- 
ponents of varving slope, indic: tive of two 
exponential processes acting simultane- 
ously at different rates. We have observed 
linear and nonlinear curves in both normal 
subjects and patients with splenomegaly 
when sensitized cells were usec, but have 
without exception seen only nonlinear 
curves when isologous heated cells were 
employed. Harris e£ al’ believe that the 
two components of the nonlinezr clearance 
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lic. 12. Case 16. ""Thorotrast spleen.’ 


curve correspond to the rates of blood flow 
through two splenic "compartments," the 
closed or sinusoidal circulation and the 
open or pulp circulation. However, Weiss? 
has recently questioned the existence of an 
extrasinusoidal circulation in the human 
spleen. Hughes Jones eż a/.* postulate that 
the "fast" and "slow" components of the 
nonlinear clearance curve correspond re- 
spectively to intrahepatic and intrasplenic 
sequestration of red blood cells. Although 
the form, slope and half-survival time of 
the red blood cell clearance curve are deter- 
mined in part by the tvpe of red blood cell 
and its specific modification, these features 
presumably reflect as well the still-obscure 
processes of red blood cell removal and 
destruction. 

The spleen:liver ratio is a measure of the 
relative activity of a physiologic process 
common to both organs. In this sense the 
ratio appears to have value as a clinical 
index of splenic and hepatic function. Un- 
avoidable geometric errors affect any ex- 
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(A) Note reduced area of splenic radioactivity and (B) its 
position below the contracted opaque spleen (arrow) on the photoscan-radiograph. 


ternal determination of the concentration 
of radioactivity in two organs differing ten- 
fold in mass; nevertheless the S:L ratio in 
our hands has been useful in measuring the 
splenic red blood cell trapping function. 
The upper limit of the range of the normal 
ratio probably does not exceed 10 to 1. We 
lack sufficient material to define the lower 
limit which may be 2 or 3 to 1. Of the 
diseases studied, only Laennec’s cirrhosis 
with splenomegaly was associated with a 
significantly elevated S:L ratio. Our data 
suggest that the elevation resulted largely 
from decreased hepatic red blood cell 
sequestration, and raise the possibility 
that ratio measurement may have useful- 
ness in the evaluation of cirrhosis and other 
hepatic diseases. 

A feature of the S:L ratio observed in 
some cases was an often pronounced tend- 
ency toward fluctuation during the phase 
of red blood cell clearance. Whereas small 
changes may have been caused by such 
external factors as minor shifts in place- 
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ment of the scintillation probes, major 
fluctuations could reasonably be attributed 
only to real changes in the rates of splenic 
and hepatic sequestration. In Case 3, for 
example, it would be of interest to learn 
why an S:L ratio of 5.0:1 at 15$ minutes 
had fallen to 1.9:1 at 24 hours. In this 
patient, who had no evidence by the usual 
criteria of splenic dysfunction, the clear- 
ance of the homologous sensitized red blood 
cells was nonlinear with a half.survival 
time of 11 minutes, an unusually lov value. 
Future correlations of ratio measurements 
with red blood cell clearance curves may 
clarify the significance of these and similar 
findings. 


SUMMARY AND CONCLUSIONS 


‘These conclusions may be drawn from 
the present investigation of splenic scintil- 
lation scanning in a series of patients with 
normal or diseased spleens: 

1. The splenic scintillation scan satis- 
factorily demonstrates the size, position 
and configuration of the functioning spleen 
without interference from hepatic radio- 
activitv. It establishes the presence or ab- 
sence of splenomegaly and thereby per- 
mits diferenziation of mass lesions in the 
left upper abdominal area. 

2. The technique of preparing red blood 
cells for the scanning procedure is chnically 
practical. There is no hematologic hazard 
to the recipient. The total radiation. dose 
compares favorablv to the amounts of 
radiation delivered in accepted clinical pro- 
cedures using radioactive isotopes. 

3. Further applications of splenic scintil- 
lation scanning may include the identifica- 
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tion of accessory splenic tissue and the 
localization of the impalpable spleen for 
procedures requiring splenic puncture. 

4. Measurement of the relative concen- 
tration of radioactivity in the spleen and 
liver has potential value as an index of a 
function common to these organs. 


Philip M. Johnson, M.D. 
141 Central Avenue 
Montclair, New Jersey 
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EVALUATION OF LIVER FUNCTION WITH 
RADIOACTIVE IODIPAMIDE* 


By JOHN R. McLAREN, M.D., JOHN T. GALAMBOS, M.D., and H. STEPHEN WEENS, M.D. 


ATLANTA, GEORGIA 


INCE Graham and Cole introduced the 

first roentgenographic contrast medium 
for evaluation of the biliary tract, a large 
number of oral compounds have been per- 
fected. These have proved remarkably non- 
toxic and so efficient that roentgenography 
of the biliary tree is one of our most accu- 
rate examinations. The search for a com- 
pound which could be safely administered 
intravenously and which would be suffi- 
ciently concentrated by the liver to yield a 
satisfactory cholangiogram was less re- 
warding. Not until Langecker e a/.4 intro- 
duced a new chemical compound in 1953 
was such an agent available. Soon there- 
after Frommhold! and Hornykiewytsch and 
Stender? demonstrated the value of this 
compound for intravenous cholangiog- 
raphy. This compound has since been 
widely applied in medicine and in this 
country is more commonly known as Cholo- 
grafin. 

Frommhold noted that the urinary ex- 
cretion of iodipamide was greater in patients 
with liver disease than in patients without 
liver disease. Numerous observations have 
been made as to a correlation between labo- 
ratory evidence of liver dysfunction and 
failure of opacification of the biliary tree on 
intravenous cholangiography. These ex- 
periences suggested that radioactive iodip- 
amide, which can be easily assayed, might 
be used for a sensitive evaluation of liver 
function. A number of dogs was studied 
before and after liver damage was produced 
with either the inhalation of carbon tetra- 
chloride or the surgical obstruction of the 
common bile ducts.? A striking decrease in 
the hepatic radioactive uptake was noted 


after the production of liver damage. The 
present study is of similar work on patients 
with and without liver disease and includes 
special applications of this technique. 


PROCEDURE 


Hospital patients were divided into two 
groups. One group consisted of patients 
with liver disease proved by clinical and 
laboratory means. A number of these had 
liver biopsies. The control group comprised 
patients admitted to the medical and sur- 
gical services without laboratory or clinical 
evidence of liver disease. 

After an overnight fast, the patients were 
placed in the supine position and scintilla- 
tion detectors were positioned over the 
heart and liver. The hepatic monitor was 
placed at the midclavicular line 3 cm. ceph- 
alad to the lower costal margin. Approx- 
imately 3 cm. clearance was permitted be- 
tween the probe and the skin surface. The 
probe was a Nuclear Chicago model no. 
DS- 5, serial no. 378, to which no additional 
collimation was added. An intravenous dose 
of 1 ml. of iodipamide per 40 pounds of 
body weight was administered. This con- 
tained approximately 15 uc of radioac- 
tivity. The change in radioactivity over the 
heart and liver was recorded by means of 
count rate meters and chart recorders for 
time intervals of approximately 10 to 15 
minutes. An aliquot of blood was with- 
drawn after a 3 hour interval. Three and 24 
hour urine and 48 hour stool collections 
were made. 

Preliminary hepatic uptakes were ob- 
tained on patients to determine whether or 
not any correlation existed between the 
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hepatic aptake of the radioactive iodipa- 
mide anc. subsequent opacification of the bi- 
liary tree on intravenous cholangiography. 





RESULTS 

The ñspatic uptake curve of radioactiv- 
ity caa best be described by referring to 
Figure & Here the level of radioactivity 
represen:ed by B is due to background ra- 
diation. Following the injection of radio- 
active icdipamide, there is a sharp rise in 
radioaztwity and equilibrium is quickly 
reached at level E. The course that occurs 
from tnis point is the determining factor as 
to whether or not liver disease exists. Those 
patients without liver disease will show a 
definite apward trend, as indicated here. 
The resi ts can be expressed as the per cent 
of increase or decrease of radioactivity from 
the equi ibrium level by dividing the rise 
or fall (EC) by the equilibrium level (BE) 
and mulsplying by 100. Those cases with 
borderline liver disease will have question- 
able eemcentration, whereas those with 
more merked liver disease will have a flat 
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Fic. 1. Tas hepatic uptake of radioactive iodipamide 
in a patent after convalescence from hepatitis. 
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hic. 2. The hepatic uptake of radioactive iodipamide 
in a patient with hepatitis (the same patient as in 
Figure 1). 


curve or actually show a decrease. The 
tracing in Figure 1 was made after a period 
of convalescence of proved heoatitis. An 
earlier tracing (Fig. 2) was made while the 
patient was in the hospital with hepatitis 
and shows a flat curve. 

A total of 36 patients with laboratory 
and clinical evidence of liver cisease was 
included in this study. The averzge concen- 
tration of radioactivity above equilibrium 
levels was —3 per cent (+9). A total of 40 
control patients was studied. The mean 
concentration of radioactivity bv the liver 
above equilibrium levels in this group was 
+25 per cent (+12). Student's t value for 
this distribution is 4.4. The prebability of 
this distribution being due to chance is 
less than o.cor. 

The mean 3 hour urinary excretion for 
10 controls was 2.5 per cent of zhe admin- 
istered dose. The corresponding value for 
15 patients with liver disease was 5.0 per 
cent. The 24 hour urinary excrezion values 
were respectively 10.7 and 18.8 per cent. 
By use of the rank-sums test, the values for 
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RADIOACTIVE IODIPAMIDE DETERMINATIONS IN PATIENTS WITH AND WITHOUT LIVER DISEASE 











| Probability of 








Hepatic Uptake 


+25.0 $12.0 
4 Hour Urine | d 2.5 t Ti 
24 Hour Urine — | 10.7 + 5.0 
3 Hour Blood* | 9.2 t 5.8 
48 Hour Stools | 32.0 +19.0 





* 1 [iter of plasma. 
1 Determined by Student's test. 
t Determined by rank-sums test. 


3 hour excretion were shown to be signifi- 
cant at the go per cent level and for 24 hour 
excretion to the 99 per cent level. 

'The per cent of radioactivity remaining 
in the blood after 3 hours was calculated on 
the basis of one liter of plasma. The mean 
value for tg controls was 9.2 ( t 5.8) per 
cent of administered dose as compared to 
13.0 per cent (£8.1) for 21 patients with 
proved liver disease. These values were not 
significant when checked by the rank-sum 
test. 

Stools of 6 patients without and to pa- 
tients with liver disease were collected over 
a fortv-eight hour period. The per cent of 
the administered radioactive iodipamide 
recovered in these collections was calcu- 
lated. The mean values for the two groups 
respectively were 32 per cent (+19) and 
5.7 per cent (16.7). These results were 
significant to the 99 per cent level. 
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Fic, 3. The relationship between hepatic uptake pat- 
terns and frequency of opacification of the biliary 
system. 
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The various results given above are 
shown in Table r. 

The hepatic uptake study also was per- 
formed on a total of 63 unselected patients 
for whom intravenous cholangiography had 
been requested. The technique was sim- 
plified in this group. A total of 2 ml. of 
iodipamide (1 ml. radioactive containing 
approximately r4 uc and 1 ml. test dose) 
was administered. The cardiac probe was 
not used. 

The hepatic uptake curves can be divided 
into three basic patterns. The first of these 
shows definite hepatic concentration, the 
second shows a definite decrease in concen- 
tration in the liver, and the third is that in 
which the tracing is essentially flat (Fig. 3). 
Thirty-two patients showed Pattern 1; in 
30 of these the biliary tree was opacified on 
intravenous cholangiography. Pattern 1 
was observed in 16 patients, and only 1 of 
these showed opacification of the biliary 
tract. Seven of 15 patients in the last cate- 
gory (Pattern 11) showed opacification of 
the biliary tree on intravenous cholangio- 
grams. Technical factors and habitus favor- 
ing good roentgenograms in this last group 
were important for biliary tract visualiza- 
tion. The chi-square value for the above 
distribution is 26.2, which is significant 
beyond the gg per cent limits. 


DISCUSSION 


The course of the hepatic uptake curve 
after equilibrium is a balance between two 
parameters, namely, an increase of radio- 
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activity in the parenchyma and a decrease 
of radioactivity in the hepatic blood vol- 
ume. A third factor, which is considered 
unlikely to affect the results because of the 
short time interval of the test, is the chang- 
ing hepatic blood volume. Under these con- 
ditions curves with maximum or minimum 
points usuallv result. It is fortunate that 
the tracing obtained with this technique 
has a relatively flat maximum point and 
that a definite upward id is obtained 
over a normal liver. The resultant curve is, 
therefore, easily SW: Although one 
can quantitate the results by calculating 
the per cent of increase or decrease 1n ra- 
dioactivitv from the equilibrium level, no 
complicated procedure is necessary for 
interpretation. 

‘The uptake and excretion half times were 
determined by the method described by 
Lowenstein® for rose bengal. The uptake 
half time was approximately 30 minutes; 
the excretion half time, greater than 200 
minutes. The long excretion time necessi- 
tates prolonged monitoring, which makes 
this procedure impractical for 1odipamide. 

It has been shown for radioactive rose 
bengal that, if the liver is monitored from 
the posterior aspect, contribution of radio- 
activity from the gallbladder will produce 
insignificant changes in the radicactivity 
monitored by the probe. Manv of our pa- 
tients were too ill or had too much ascites 
to lie in the prone position. For this reason 
we chose the supine position and monitored 
over the anterior aspect of the liver. The 
significant differences between the normal 
and abnormal groups justify the use of an 
anterior port. On a number of patients an 
id ial probe was placed horizontally 
and the liver was monitored from a lateral 
aspect. These uptake curves were similar 
to those described in this paper. 

We have previouslv shown that intra- 
venous cholangiography can be of value in 
differentiating the entities producing the 
acute abdomen.’ Unfortunately, approxi- 
matelv 40 per cent of patients presenting 
with an acute abdomen will fail to show 
opacification of the biliary tree and intra- 
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Fic. 4. Uptake curves after subcutaneous injection 
of radioactive iodipamide showing radioactivity in 
the liver (left) and radioactivity in the blood 
(right). (Reproduced by permisson from The 
Southern Medical Journal.) 


venous cholangiograms are indeterminate. 
This simple and rapid test, requiring little 
more time than the necessary sensitivity 
test for which it also serves, can be used to 
predetermine those patients im whom zhe 
biliary tree can be opacified. it should be 
pointed out, as indicated in an earlier para- 
graph of this presentation, that conven- 
tional laboratory studies likewise can be 
used. Unfortunately, the results of these 
tests are not always available when intra- 
venous cholangiography is performed. 

If a small quantity of iodipamide is in- 
filtrated into the subcutaneous tissues, the 
hepatic tracing may be falsely read as 
showing good liver function. The curves 
after such an injection are shown in Figure 
4. Usually the blood activity shows an 
exponential decay-type curve, as indicated 
by the dotted line in Figure 4. However, 
when significant amounts are given sub- 
cutaneously, the blood radioactivity slowly 
increases as the iodipamide is absorbed. In 
such cases the excellent concentration of 
radioactivity in the liver may indicate in- 
creasing radioactivity of the blood within 
the liver, not within the parenchyma. For 
this reason, the precordium was monitored 
with a second probe. However, this is aot 
absolutely necessary since a sharp abrupt 
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rise on the hepatic tracing strongly favors 
an intravenous injection. 

The number of cases included in the re- 
sults of assaying biologic specimens is less 
than the number for hepatic uptakes. Some 
of the former were excluded because of con- 
taminated or inadequately collected speci- 
mens. 

Frommhold' indicated that the iodine 
was tightly bound to the iodipamide mole- 
cule and was not metabolized. Hence free 
iodine was not taken up by the thyroid 
gland. Monitoring of the thyroid gland 
subsequent to this test has failed to show 
appreciable radioactive uptake. However, 
in all probability, sufficient carrier iodip- 
amide was present to block the uptake of 
I5: by the thyroid gland if any iodine were 
freed. Thyroid uptakes were performed on 
several patients without clinical evidence 
of thyroid disease and on whom hepatic 
uptakes of iodipamide had been done. The 
thyroid uptake values were in the myx- 
edematous range, suggesting that sufficient 
iodine was released from iodipamide to 
block the thyroid gland. 

Patients with congestive heart failure 
were excluded from this study because such 
patients failed to concentrate iodipamide. 
Further studies are in progress on the rate 
of reversibility of this defect following car- 
diac compensation. All 5 patients on whom 
multiple hepatic uptake tests have been 
performed have shown some increase in the 
uptake following cardiac compensation. 


CONCLUSIONS 


I. Statistically significant differences in: 


the hepatic uptake of radioactive 1odipa- 
mide were noted in patients with liver dis- 
ease as compared to those without liver 
disease. 

2. A definite upward slope of the normal 
hepatic uptake curve simplifies the inter- 
pretation of the test. 

3. Nearly all patients showing a definite 
upward curve will subsequently show an 
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opacified biliary tree on intravenous cho- 
langiography. 

4. Those patients who fail to show any 
concentration of radioactivity over the liver 
will rarely show subsequent opacification 
of the biliary tree on intravenous cholangi- 
ograms. 

5. Approximately one-half of those pa- 
tients in whom the hepatic uptake curve 1s 
flat or questionably upward in slope will 
show opacification of the biliary tree on 
intravenous cholangiography. In this 
group, habitus and technical factors for 
good roentgenography are of importance. 

6. Significant diflerences between pa- 
tients with and without liver disease were 
also noted in the excretion of radioactivity 
into urine and feces following the intrave- 
nous injection of radioactive iodipamide. 

7. The clearance of radioactivity from 
the blood following the intravenous injec- 
tion of radioactive iodipamide did not dif- 
fer significantly in the two groups of pa- 
tients. 


John R. McLaren, M.D. 

Department of Radiology 

Emory University School of Medicine 
Atlanta 22, Georgia 
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DOSAGE LIMITATION IN THE COMBINED 
TREATMENT BY IRRADIATION AND 
SURGERY OF CARCINOMA OF 
THE UTERINE CERVIX 


NONSIDERABLE initial enthusiasm has 

A followed the revival of surgical tech- 
niques in the treatment of carcinoma of the 
uterine cervix. In the vears since Wert- 
heim’s 1914 deploration: "It is a tragic fate 
being obliged to establish the fact that my 
Efes work, the introduction of radical 
surgerv in the treatment of carcinoma of 
the cervix has been unprofitable," radio- 
therapy has been acknowledged the more 
successful modality. Surgical recrudescence, 
foreshadowed in the development of the 
Taussig operation and the refinements of 
the Clark. Wertheim. procedure and nur- 
tured bv better anesthesia, has been real- 
ized with the appearance of antibiotics and 
improved supportive care. Currently no- 
table interest is evidenced in the feasibility 
of superimposing radical or quasi-radical 
operations upon high rad, large volume 
radiation dosages delivered to pelvic tissues. 

Meaningful evaluation of normal pelvic 
visceral and supportive structure tolerances 
has been made by Wall ef a/.,' Frick e£ a£? 
and Chau ef a43 Their refreshing summa- 
tions replace nonspecific roentgen adminis- 
tered tolerance gauging with details of time 
cose relationships, radium geometry and 
external radiation schedules. In the study 
of Wall e£ al} severe complications ap- 
peared in 21 per cent of the patients receiv- 
ing 4,000 r or more with external orthovolt- 
age irradiation. Eight per cent developed 
major injury in those receiving 3,500 r to 
4,000 r, and only a 2 per cent complication 
rate was observed in the 3,000 r to 5,500 r 











t Wats. EAS Masegovrro, Ra and East, D. Team approach 
in cervical neop F. Obst. C Gynec 1938, 75, 606-617. 
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range. Doses in excess of 3,500 r added 
little to cure probability anc greatly in- 
creased the risk of necrosis. Frick e£ al? 
relate the difference in complication rates 
in those patients treated by radiotherapy 
to various dosage levels of external irradia- 
tion. Employing supervoltage techniques, 
injuries were significantly more common in 
patients given more than 4,000 r tumor 
dose. Dosages above 4,000 r to the pelvic 
wall have been abandoned by this group 
because of their hazardous consequences. 

Chau e£ a/.? at the recent meeting of the 
American Radium Society, have discussed 
the complications appearing in 741 cases of 
cervical cancer. Patients receiving 4,000 r 
total pelvic irradiation exhibited freedom 
from persistent dysuria and bladder ulcer 
and almost no instances of proctitis or 
rectal ulcer were recorded. The incidence 
of sigmoiditis was practically nil at this dos- 
age level. None of the patients in this group 
developed fistula or small bowel necrosis 
in the absence of an added surgical proce- 
dure. Chau e a/. also concluded that higher 
dosage levels, provided no surgical pro- 
cedure is added, are not conducive toex- 
cessive pelvic fibrosis or ureteral complica- 
tions. 

Several tv pes of surgical procedures have 
been devised to meet various clinical sit- 
uations. Brunschwig and Danielt have de- 
scribed the most suitable operation when 
the rectum and bladder are uninvolved. 
“This is a radical panhysterectomy and 
pelvic node excision. The technique em- 
phasizes complete node excision, including 
excision of the hypogastric artery and vein 
and denudation of the sciatic nerve roots 
in the posterior lateral pelvis." Complica- 
tions peculiar to these surgical methods 
must be anticipated. Operative mortality 
has been effectively reduced; however, late 
postoperative complications remain the 
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béte noire. Most important of these are 
ureterovaginal fistula, enteric fistula and 
bladder atony. Leg edema, wound infection, 
bowel stricture and adhesion produced in- 
testinal obstruction are other adverse se- 
quelae observed. In a group of early cases, 
cited by Frick e£ al?, undergoing radical 
hysterectomy and pelvic node dissection, 
major complications occurred in 18.4 per 
cent. Brunschwig and Daniel! performed 
this operation on 348 selected cases. Forty 
five urinary. tract fistulae developed post- 
operativelv. Manv estimate that the inci- 
dence of ureterovaginal fistula alone will 
continue to occur in 10 per cent of the 
surgically treated cases.? 

Combined aggressive surgical and radio- 
therapeutic measures expose the pelvic 
structures to the vicissitudes of both disci- 
plines. Aside from the mathematical prob- 
ability of increased complication rates, an 
additive factor appears inherent: blood 
supply already compromised bv irradiation 
is further embarrassed by surgical interven- 
tion. Comparative studies in patients 
treated with radiation and those treated 
by combined approach reveal that the 
complications of both methods are poten- 
tiated when certain time dose radiation 
thresholds are exceeded. Frick e£ a/.2 found 
in three series of patients receiving at least 
4,000 r that without added surgerv the 
major complication rate was § per cent; 
with lymphadenectomy, the major morbid- 
ity incidence rose to 36 per cent, and in 
those subjected to radical hvsterectomvand 
lymphadenectomy complications appeared 
in 20 per cent. In a parallel analvsis in 
which patients received less than 4,000 r 
in the presence of superimposed surgery, 
complications were decreased by more than 
one third. ud 

In the series of Chau eż al.’ small bowel 
necrosis, sigmoiditis and fistulae developed 
in 21.5 per cent of patients treated by 
radiation therapy and lymphadenectomy. 
Twenty three per cent in the group which 


t Brexscnwic, A. and Dasigr, W. Surgical treatment of 
cancer of cervix uteri, £m. Y. Obst. i Gynec, 1958, 75, 875-881. 
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had hysterectomy or exenteration with 
lymphadenectomy plus radiation therapy 
developed undesirable sequelae. They con- 
cluded that 4,000 rad whole pelvis irra- 
diation is a safe technique even if lymphad- 
enectomy and/or hysterectomy are added. 

Gray and co-workers? regard the develop- 
ment of lymphocysts, occurring in 17 per 
cent of their cases, as a major problem in 
postirradiation lymphadenectomy. A lym- 
phocyst is a collection of serous fluid which 
develops retroperitoneally in the denuded 
iliac vessel region. It appears that there is a 
correlation with the amount of tissue re- 
moved, and that a definitely higher number 
of lymphocysts is observed in persons re- 
ceiving preliminary irradiation. This high 
incidence and the frequency of required 
secondary surgical procedures with pro- 
longed convalescence create a prohibitive 
morbidity rate. Chau et a}? comment that 
these cysts can result in ureteral obstruc- 
tion and effect vascular occlusion. 

The prospect of increasing survival rates 
in carcinoma of the cervix is a constant lure 
to surgeons and radiotherapists. Some in- 
juries are acceptable. Yet, a point of 
diminishing return is reached where com- 
plication vield precludes further treatment. 
Brunschwig and Daniel! have remarked 
that "Modern surgical attack in cancer of 
the cervix should for the present be con- 
fined to institutions with adequate equip- 
ment, whose personnel have the requisite 
surgical skill." Leucutia® in the Caldwell 
Lecture of 1960 reiterated, “The effect of 
reintroduction of radical surgery upon the 
over-all results appears to be statistically 
small and needs further investigative 
evaluation." "Thus, the efficacy of treating 
carcinoma of the cervix with combined 
irradiation and radical surgery has not as 
vet emerged from the phase of experi- 
mental appraisal. However, when such a 


*Gnav, M. J, Gusperc, S. Guo and Gurruaxw, R. Pelvic 
lymph node dissection following radiotherapy. dm. Y. Obst, & 
Gynec, 1958, 76, 629-633. 
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combined approach is contemplated, sup- higher survival rates from ever increasing 
plementary supervoltage external irradia- radiation dosages and extensive surgery is 
ton should not exceed 4,000 rads to the muted by normal tissue intolerance. 
pelvic tissues. This is more than experi- James J. Super, M.D. 
mental data or work in progress; it iS aC- — Harper Hospital ` ` 

camulated clinical fact. The clarion for Detroit, Mich. 
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THE REGISTRY OF RADIOLOGIC PATHOLOGY 


The American Registry of Pathology of the Armed Forces Institute of Pathology 


N 1947 the American College of Radi- 

ology, the American Roentgen Rav So- 
ciety, and the Radiologic Society of North 
America jointly sponsored a Registry of 
Radiologic Pathology within the frame- 
work of the American Registry of Pathol- 
ogv. Outside of the academic family of 
medical schools, however, it would appear 
that relatively few physicians are aware of 
the purpose of the American Registry of 
Pathology, and that even fewer practicing 
radiologists know of the Registry of Radio- 
logic Pathology. Perhaps the American 
Registry of Pathology can be of greatest 
service to those physicians outside the im- 
mediate academic family of medical schools. 
Since this group is relatively uninformed 
about the Registry, a brief historic back- 
ground is indicated. 

In 1862, nearly 100 years ago, the 
Armed Forces Institute of Pathology was 
founded. Originally known as the Army 
Medical Museum, it consisted of three 
dried and varnished specimens resting on a 
small shelf above the inkstand on the 
curator's desk. From this modest begin- 
ning, the Armed Forces Institute of 
Pathologv today houses more than one 
million accessions, comprised of surgical 
biopsy specimens, complete autopsy data 
and specimens, and allied pathology ma- 
terial all filed for teaching, research and 
posterity. In 1946 the Army Medical 
Museum was renamed the Army Institute 
of Pathology. In 1949, following the uni- 
fication of the armed services, the present 
designation, the Armed Forces Institute of 
Pathology of the Department of Defense, 
was adopted. 

The Armed Forces Institute of Pathology 
has four major components: the depart- 
ment of pathology, the medical illustration 
service, the American registry of pathology, 
and the medical museum. Unknown to 
many civilian physicians is the consulta- 


tion service for the diagnosis of pathologic 
tissue. The consultation service, estab- 
lished primarily for what is now the De- 
partment of Defense and other federal 
agencies, 1s also available to any civilian 
pathologist or other physician in need of a 
board of arbitration to help him arrive at a 
final pathologic diagnosis. It is obvious that 
such a service is probably of greatest value 
to those civilian physicians practicing out- 
side of large academic institutions. An- 
other function of the department of pathol- 
ogy is to prepare, or procure and duplicate, 
pathologic, photographic, and other educa- 
tional material. This materia! is donated or 
loaned to other Federal medical services, 
museums, medical schools, scientific in- 
stitutions, and to qualified persons con- 
nected with the medical, dental, or vet- 
erinary professions. Many civilian resi- 
dents in the surgical and pathology special- 
ties have availed themselves of these loan 
slides before taking their specialty board 
examinations. 

The first of the American Registries of 
Pathology had its inception in 1922. In 
that vear, Major George Russell Callender, 
curator of the Army Medical Museum, 
with the cooperation of the American 
Academy of Ophthalmology, organized a 
registry of ophthalmic pathology, where 
pathology relative to the eve could be col- 
lected and cases followed for study and re- 
search. In 1925 the second of the registries 
was organized, under the sponsorship of 
the American Association of Pathologists 
and Bacteriologists, to attempt to classity 
lymphatic tumors. Today there are 22 such 
registries all housed within the framework 
of the Armed Forces Institute of Pathology 
under the auspices of the National Re- 
search Council and each, except endocrine 
pathology, sponsored by a national med- 
ical, dental, or veterinary society. [t is in- 
deed fortunate that the farsighted thinking 


of Dr. Callender has led to the housing in 
one repository of this tremendous wealth 
of pathologic material. 

Criticism of the housing of the registries 
within an «gency of the Unitec States 
Government been voiced by many 
academicians around the country. This 
criticism would sometimes appear to bear 
the implication of special pleading, since 
some of these specialists argue for the ac- 
quisition of a specific registry within their 
own academic institution. Obviously this 
treasury of information could easily be dis- 
persed throughout dozens of deserving in- 
stimutions-~as could, indeed, the Library 
of Congress or the Smithsonian Institution, 

-thereby destroying its very reason for 
existence as a great corpus of infermation 
available to the United States Govern- 
ment and to all civilian physicians, den- 
tists, and veterinarians. 

In this period of history, when public 
funds are necessarily being directed to po- 
tentially destructive purposes in the in- 
terests of the nation's preservation, it is 
gratifving to see this great repository of 
scientific knowledge, built with public 
furds to amass knowledge for the allevia- 
tion of suffering, and to cure disease in gen- 
erations to come. 

In 1947 che fifteenth registry was or- 
ganized, the Registry of Radiologic Pathol- 
Og*. At its inception, as is true of many 
new undertakings, there was little organ- 
ization or purpose. However, in the inter- 
vening fourteen vears, this registry has be- 
come one of the trulv great studv centers 
for correlation of disturbed morphology 
viewed radiologically and the gross and 
microscopic pathology of the tissues. There 
are now some 12,000 cases in this registry 
compleze with history, reproductions of 
the roentgenograms, photographs of the 
gross pathologv, and histologic sections. 
ws The splendid organization of this regis- 
try is a labor of love of one man. Early in 
the life of the registrv, the sponsoring so- 
ceres realized that a consultant serving 
for one week each quarter was not enough, 
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and that a part-time director in residence 
was necessary. Fortunately the right man 
was found. Colund William L. Thompson, 
MC (Ret), took on what was regarded as a 
part-time job and offered his services with- 
out remuneration. But the Colonel was not 
content to do a part-time job. Dailv 
Colonel Thompson is at the Institute doing 
didactic teaching for four hours and spend- 
ing the other four in accession. ng new ma- 
terial and organizing the ole. Not only 
does the Colonel impart a wealth of knowl- 
edge to the residents and fellows, but he 
succeeds in bestowing a spark of enthu- 
siasm and Jov for the practice of radiology 
to each man in turn. Nowlere, in the 
writer's opinion, is there so great an op- 
portunity for a man nearing the end of his 
residency to pull all the loose er.ds together, 
and to correlate the various radiologic 
patterns of disturbed morphology in terms 
of gross pathology. 

Dedicated men with Colorel Thomp- 
son’s zeal and ability to teach are not com- 
mon. It is hoped that the sponsoring or- 
ganizations will actively look to the future 
for an able successor and a much more ade- 
quate remuneration than has been Colonel 
Thompson’s lot in this important post. 

In conclusion, the need for continually 
enriching the registry with new material is 
obvious. Such a registry should have 
within it the best that each teaching in- 
stitution throughout the country possesses, 
both the esoteric and the rout ne. There is 
a great reluctance on the part of some 
specialists in various academic institutions 
to send cases for accession, on the grounds 
that the cases are lost for local reporting, 
and are eventually reported ia the litera- 
ture by the Armed Forces Institute of 
Pathology. This, of course, raises the ques- 
tion of whether medical writing should 
serve for personal aggrandizement, ud 
the piecemeal publication of isolated cases 
obviously is less meaningful tran ee 
hensive reporting by the Insticute. For ex- 
ample, the study and reporzing of pul- 
monary alveolar proteinosis might never 
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have been possible in a single institution. 
The Armed Forces Institute of Pathology, 
on its part, should be scrupulous in making 
full acknowledgment of the provenance of 
material it publishes. 

It is hoped that more directors of de- 
partments of radiology throughout the 
country will avail themselves of the op- 
portunity of sending their older residents 
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to the Armed Forces Institute of Pathology 
for their pathology, and that more ma- 
terlal, both esoteric and routine, will find 
its way to the registries. 


Joan W. Hope, M.D. 


1740 Bainbridge St. 
Philadelphia, 46, Pa. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 

American RoeNTGEN Ray SocigTY 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Deauville Hotel, Miami Beach, 
Fla., Sept. 26-29, 1961. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Charles G. Stetson, 350 Engle Street, 
Englewood, N. J. Annual meeting: Waldorf-Astoria 
Hotel, New York, N. Y., April 1-4, 1962. 

RADIOLOGICAL SOCIETY or NORTH AMERICA 
Secretary, Maurice Doyle Frazer, t744 South Fifty- 
eighth St., Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 E. Genessee 
St., Syracuse, N. Y. Annual Meeting: Palmer House, 
Chicago, UL, Nov. 26-Dec. 1, 1961, 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Roosevelt 
Hotel, New York, N, Y. Feb. 7-10, 1962. 

Section on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West 101. Eighth Ave., Spokane 4, Wash. Annual 
meeting: Chicago, HL, June 11-15, 1962. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 
The Fall 15961 examination will be held at the Shoreham 
Hotel, Washington, D. C., December 4-7, inclusive; the 
deadline for filing applications was July 1, 1961. A Special 
Examination in Nuclear Medicine will be offered if there 
are sufficient applications. 

AMERICAN Association oF Puysicists IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, University of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced. 

TENTH IwrernationaL Conoress oF RADIOLOGY 
Secretary-General, Dr. Carleton B. Peirce, Royal Vic- 
toria Hospital, Montreal 2, Quebec, Canada, Meets in 
Montreal, Aug. 26-Sept. 1, 1962. 

Eicuru twrer-American Congress or Rapio.ocy 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose Cancer Hospital, 2200 North Cascade Avenue, 
Colorado Springs, Colorado. Meeting to be announced. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 86 E. Ran- 
dolph St., Chicago, Ill. 

Arizona RADIOLOGICAL SOCIETY 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11083 Poplar, Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Association OF Untversiry RADIOLOGISTS 
Secretary, Dr. Herbert M. Stauffer, Temple University 
Medical Center, Philadelphia 40, Pa. Annual Meeting: 
University of Indiana, Indianapolis, Ind., May 19-20, 1962. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 


Brockrv RADIOLOGICAL SOCIETY 
Secretary, Dr, Samuel Finkelman, 101 S, Twentieth St., 
Philadelphia, Pa. 

BnookrvN RapiotocicaL Society 
Secretary, Dr. Joseph Arcomano, 168 Clinton St., Brook- 
tyn 1, N. Y. Meets first Thursday of each month October 
through May. 

Burraro RaptioLocicaL Society 
Secretary, Dr. R. Joseph Naples, 106 Morgan Parkway, 
Williamsville 21, N. Y. Meets second Monday evening 
each month, October to May inclusive. 

Centrat New York RADIOLOGICAL Society 
Secretary, Dr. Joseph A. Head, 150 Marshall St., Syra- 
cuse, N. Y. Meets first Monday each month October 
through May. 

Centra Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Freidman, Grant Hospital, 
Columbus, Ohio. Meets at 6:30 P.M. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Society or NucuLgAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, lll. 

Cuicaco ROENTGEN Society 
Secretary, Dr. William F. Hutson, £145 N. California 
Ave. Chicago, Ill. Meets second Thursday of each 
month, October to Aprilexcept December at the Sheraton 
Hotel at 8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman E. Berman, 14404 S. Park Blvd., 
Shaker Hgts. 20, Ohio. Meetings at 7:00 p.m. on fourth 
Monday of each month from October to April at Tudor 
Arms Hotel. 

Coronapo RADIOLOGICAL SOCIETY 
Secretary, Dr. Seward Imes, 1845 High St, Denver, 
Colo. Meets third Friday of each month at Denver 
Athletic Club from September through May. 

Connecticut VaLLey RaproLocic Society 
Secretary, Dr. James L. Krieger, 85 Jefferson St, Hart- 
ford, Conn. Meets first Friday in February and April. 

Dartas-Fogr Worry Rapio.ocicat Society 
Secretary, Dr. F. J. Bonte, s2o1 Harry Hines Blvd., 
Dallas 35, Texas. Meets monthly, third Monday, at 
Greater Fort Worth International Airport at 6:30 P.M. 

Derrorr Roenrcen Rav AND Rapium Society 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos. 
pital, Detroit 1, Mich. Meets monthly first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay ROENTGEN SOCIETY 
Secretary, Dr. Dan Tucker, 434 joth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East TENNESSEE RADIOLOGICAL Society 
Secretary, Dr. J. Marsh Frere, Jr, 205 Medica Arts 
Building, Knoxville, Tenn. Meets in January and Sep- 
tember. 

Eastern ConFerence OF RADIOLOGY 
Secretary, Arrangements Committee, Dr. Philip Myers, 
Baltimore City Hospital, Baltimore 24, Md. Annual 
meeting to be announced. 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. Meets at Mid Pines 
Club, Southern Pines, N. C., April 29-May 2, 1962. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Fioripa R «DioLoeicAL SOCIETY 
Seevetary. Dr. Richard D. Shapiro, 1680 Meridian Ave., 
Miami Beach, Fla. Meets twice annually, in the spring 
with the annual Srate Society Meeting, and in the fall. 
FLoripa “west Coast RADIOLOGICAL Society 
Seeretary Treasurer, Dr. Joseph C. Rush, 1800 Druid Rd., 
Clearwater, Fla. 
GEORGIA RADIOLOGICAL Society 
Seeretary. Dr, George W. Brown, Griffin, Ga. Meets 
in sprimg and fail with Annual State Society Meeting. 
1AMI RaproLocicaL SOCIETY 
vetary. Dr. Carl E. Balli, 907-8 Huntington Medical 
élding Miam: 32, Fla. Meets monthly thirc Wednes- 
day at 3:00 P.M. ac Jackson Memorial Hospital, Miami, 




















Houston FEADIOLCGICAL SOCIETY 
Secretary; Dr. John Douglas Reeve, Texas Medical Cen- 


ter Librery, Jesse H. Jones Library Bldg., Houston 25, 
Texas, Meets lass Monday each month, Seminar Room, 
Dostors’ Club of Houston. 

[pano Stave RADIOLOGICAL SOCIETY 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital 






l, Pocatello, Idaho, Meets in the Spring and Fall. 
I.uimors RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospi-al Clinic, 
Urbana, Ul. Meets in spring and fall. 
INDIANA R¥ENTGEN SOCIETY, Inc. 
Seoretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meetzng of Indiana State Medical Association. 
lows RaApzmLoctcar SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Towa, Luncheon and business meeting during 
anaual session of Iowa State Medical Society. The scien- 
tife section is held in the autumn, 
Kansas RaotoLocrca, SOCIETY 
Secretary, Dr. Roger K. Wallace, Riley County Hospital, 
Manhacgin, Kansas, Meets in spring with State Medical 
Soerety, and in winter on call. 
Kenrucky RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
St, Lonsville, Ky. Meets monthly on second Friday at 
Seclbach Hotel, Louisville. 
Kixes Ceunty RADIOLOGICAL SOCIETY 
Secretary, Dr. Abraham Berens, 1917 Bedford Ave., 
Brooklrr 2s, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 















NGEEES RADIOLOGICAL SOCIETY 

retary, Dr. Saul Heiser, Los Angeles, Calif. Meets sec- 

ednesday of month in September, November, 

January. March and June at Los Angeles County Med- 

ical Association Building, Los Angeles. 

Maine KA»toLOGICAL SOCIETY 
Sezretary, Dr. Aibert A. Poulin, Thayer Hospital, Water- 
ville, Maine. Meets in June, September, December and 
April. 

Maryvraxc RADIOLOSICAL SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimer: 17, Md. 

MEMPHIS EogNTGEN SOCIETY 

‘ * Dr. Irving K. Ettman, Kennedy V.A. Hos- 
pieal, D-partment of Radiology, Memphis is, Tenn. 
Meets get Monday of each month at John Gaston Hos- 
pi tal. 

Mias Vagugv R epiontoatcan Society 
Secretary, Dr. Wilbam D. Roberts, 2197 Los Arrow Dr., 
Deyton 2, Ohio. Meets second Friday of fall and winter 
months, 

Mip.Hors su RADIOLOGICAL Socisty 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 















Society Proceedings 


Poughkeepsie, N. Y. Meets 8:30 p.m., fourth Wednesday 
each month, September to May. 
Mir waukgsg Roentcen Ray SocisrY 
Secretary, Dr. Abraham Marck, Mayfair Professional 
Bldg., Milwaukee 13, Wis. Meets monchly on fourth 
Monday, October through May, at University Club. 
Minnesota RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald H. Peterson, 857 Medical Arts 
Bldg., Minneapolis 2, Minn. Meets three times annually, 
in fall, winter and spring. 


Musstsstprr RADIOLOGICAL SOCIETY 
Secretary, Dr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Tharsday of cach 
month at Hotel Edwards, Jackson, at 6 o0 P.M. 


Montana RADIOLOGICAL SOCIETY 
Secretary, Dr. J. K. Boughn, 35 11th Ave., Helena, 
Montana. Meets at least once a year, 

Nassau RaptoLoaicat Society 
Secretary, Dr. Robert Tugendhaft, 100 Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuesda- of the month 
in February, April, June, October and D«cember. 


NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Ronald E. Waggener, The Radiologic 
Center, Nebraska Methodist Hospital, Omaha 31, Ne- 
braska. Meets third Wednesday of each month at 6 P.M. 
in Omaha or Lincoln. 

New Encianp RogNTGEN Ray Society 
Secretary, Dr. Robert E. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through April at The Longwood Towers, Brook. 
line, Mass. 

New Hampsuire Roentcen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man. 
chester, N. H. Meets four to six times yearly 

New York Roentcen Soctery 
Secretary, Dr. Bernard Wolf, Mt. Sinai Hospital, New 
York, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine at 4:30 P.M. 

NortH Carourna Rapro.ocica Socrery 
Secretary, Dr. A. B. Croom, 624 Quaker Lane, High 
Point, N. C. Meets in the spring and fall cach year. 

NonTH Dakota RapioLocicAL SocrerTv 
Secretary, Dr. R. F. Raasch, Post Office Eox 990, Dickin- 
son, North Dakota. Meets at time of State Medical 
Association meeting. Other meetings s ranged on call 
of the President. 


NonTH Fioripa RAproLoctcar Society 
Secretary, Dr. Charles H. Newell, 80c Miami Road, 
Jacksonville 7, Fla. Meets quarterly ir March, June, 


September and December. 


NonTHEASTERN New York RADIOLOGICAL SoCIETY 
Secretary, Dr. Lester I. Citrin, St. Mary’s Hospital, 
Troy, N. Y. Meets in Albany area on second Wednes. 
day of October, November, March and April. 

NonTHERN Caurrornia RADIOLOGICAL Soc: ETY 
Secretary, Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra. 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

NORTHWESTERN Ouio Rapiotocican Soci ov 
Secretary, Dr. George Asahina, 421 Michizan St., Toledo, 
Ohio. 

Ouro SrATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Paul D. Meyer, 125 & Grant Ave., 
Columbus, Ohio. Annual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Simon Pollack, Utca Square Medical 
Center, Tulsa, Okla. Meets in January, May and October 

Orecon RADIOLOGICAL SOCIETY 
Secretary, Dr. George R. Satterwhite, Willamette Falls 
Community Hospital, 15th and Divisicr, Oregon City, 
Ore. Meets monthly from October to Jane on the sec- 
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ond Wednesday of each month at 8:00 p.m. at the Uni- 
versity Club. 

Orveans ParisH RAbtotocicAtr SocigTY 
MC Dr. Joseph V. Schlosser, Charity Hospital, 

New Orleans 13, La. Meets second Tuesday of each month. 

Paor ric NortHwest RADIOLOGICAL SOCIETY 
Secretary, Dr. John N. Burkey, 555 Dental Bldg, 
Seattle, Wash. Annual meeting: "Seattle, Washington. 

Paciric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association, 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr, Frederick R. Gilmore, Clearfield Hospital, 
Clearfield, Pa. Annual meeting: Pocono Manor Inn, May 
25-2, T902, | > 

PHILADELPHIA RogNTGEN Ray Socrety 
Secretary, Dr, Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44, Pa. Meets 
first Thursday of each month, at $ p.m., from October to 
May in Thompson Hall, College of Physicians. 

PrrrspurGH RogNTGEN SOCIETY 
Secretary, Dr. Ross H. Smith, St. Margaret Memorial 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa. Meets sec- 
ond Wednesday of month, October through June at Park 
Schenely Restaurant. 

KADrioLocicAL Section, Barrimore MEDICAL SOCIETY 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive, 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr, Donald Janny, Cincinnati, Ohio, Meets 
monthly from September to May on first Monday of each 
month at 7:30 p.m. at the Cincinnati General Hospital. 

RapioLocicaL Socrery or Hawai 


Secretary, Dr. G. J. Liese, Queen's Hospital, Honolulu, 
Hawaii. Meets third Monday of cach month at 7:30 
P.M, 


RaptoLocicar Socigry oF GREATER Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, roic Rialto Bldg., 
Kansas City, Mo, Meets last Friday of each month. 

RaptoLoaicat Society oF Kansas Crrv 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY oF LOUISIANA 
Secretary, Dr. Robyn Hardy, 4324 Magnolia St., New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL Socrery or New JERSEY 
Secretary, Dr. George H. Burke, 601 Grand Ave., Asbury, 
Park, N. J. Meets at Atlantic City at time of State Med- 
ical Society meeting and in November in Newark, N. J. 

RADIOLOGICAL SOCIETY OF THE STATE OF New YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. Annual meeting to be an- 
nounced. 

RADIOLOGICAL SOCIETY or SourTH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary, Dr. Joseph F. Linsman, 436 N. Roxbury Dr., 
Beverly Hills, Calif. 

Repwoop EMPIRE RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricumonp County RADIOLOGICAL SOCIRTY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals, 

Rocugstar Roentcan Ray Sociary, Rocuastar, N. Y. 
Secretary, Dr. Robert H. Greenlaw, 260 C rittenden Blvd., 
Rochester 20, N. Y. Meets at 8:15 p.m. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 
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Rocky Mountain RapioLooicAL Sociaty 
Secretary. Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting to be announced. 

Saw Anronto-Miitary RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio s, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6130 
P.M. 

San Dieco RapioLocicaL SocierY 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco RapioLocicaL Socisry 
Secretary, Dr. M. A. Sisson, 450 Sutter St., San Francis- 
co 8, Calif. Meets quarterly at the San Francisco Medi- 
cal Socie sty, 250 Masonic Ave., San Francisco 18, Calif. 

SECTION ON RapioLocv, CALIFORNIA MEDICAL Association 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on RADIOLOGY, 
Socrery 
Secretary, Dr. Wayne P. Whitcomb, Hospital of Sr. 
Raphael, New Haven, Conn. Meetings are held bi- 
monthly. 

Section on RADIOLOGY, 
TRICT OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St, N.W., 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section on RaprioLocr, IrtiNois Srata Mapicat Socrery 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, Ill. 

SECTION on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting to be 
announced. 

Sureveporr RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M., 
September to May inclusive. 

Socigrv ror Pepiarric RapioLocy 
Secretary, Dr. Richard G. Lester, 412 Union St, S.E., 
Minneapolis 14, Minn. Annual meeting: Deauville Hotel, 
Miami Beach, Fla., Sept. 25, 1961. 

Society or NUCLEAR Mepicine 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bide., Denver 2, Colo. Administrator, Samuel N. Turiel, 
430 N. Michigan Ave., Chicago 11, Hl, Annual meeting: 
Baker Hotel, Dallas, Texas, June 27-39, 1962. 

Sourn Bav RADIOLOGICAL SoctarY 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
month. 

Souru Carona RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brunscn, 1406 Gregg St, 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskridge, 
P.O. Box 4097, Mobile, Ala. 

SOUTHWESTERN Pee SocigTY 
Secretary; Dr. Ralph S. Clayton, 1:01 Arizona, Bldg. 
2.A, El Paso, Teris. Meets second Tuesday of each 
month. 

Tennesse RADIOLOGICAL SOCIATY 
Secretary, Dr. B. M. Brady, St. Joseph Hospital, Mem- 
phis, Tenn. Meets annually at p time and place of the 
Tennessee State Medical Association meeting. 

Texas RADIOLOGICAL SocraTY 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Texas. Annual 
meeting: Austin, Texas, ‘Tan. ig and 20, 1962. 


Connecticur Srars MEDICAL 


Mepicat Socrery or tHe Dis- 


Mobile Infirmary, 
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TreSrare RADIOLOGICAL Sociery i 
Secretary, Dr. John Marchand, 118 S.E. First Si, 
Evansville, Ind. Meets third Wednesday of Oct, Jang 
March and May, 8:oc p.m. at Elks Club in Evansville. 

Unrvarsiry or MICHIGAN DEPARTMENT Or RonmwTGBN- 
OLOGY Starr MERTING 
Meets each Monday evening from September to June, 
at 7:00 p.m, at University Hospital. 

Uprar PeninsuLA RADIOLOGICAL Socraty 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly. 

Uran Strate RanroLoGIcaL Soctery 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Salt 
Lake City, Utak. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

Vircinta RADIOLOGICAL SOCIBTY 
Secretary, Dr. Powell G. Dillard, Jr., 715 Church Street, 
Lynchburg, Va. Meets annually in October. 

WASHINGTON Stats RADIOLOGICAL Society 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Blvd., 
Seattle 66, Wasa. Meets third 'Monday of each month 
from September through April at the University of 
Washington Medical School, 

West ViRGINIA RADIOLOGICAL SocigrY 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Philippi, 
W. Va. Meets concurrently with Annual Meeting of 
West Virginia State Medical Society; other meetings 
arranged by program committee. 

WesTCHESTER RAPIOLOGICAL SoctaTy 
Secretary, Dr. Aathony A. Maglione, Westchester Acad- 
emy of Medicine, Section on Radiology, Purchase, N. Y. 
Meets on third Tuesday of January and October and 
on two other da:es. 

Wisconsin RApiozocicar Socrarv 
Secretary, Dr. Howard G. Bayley, 116 Iroquois Parkway 
Beaver Dam, Wis. Annual meeting each spring in vari- 
ous places. 








Cuna, Msxico, Puarro Rico AND CENTRAL ÁMBRICA 
AsocraciOn DE RapróLocos DE CENTRO AMERICA Y 


PanamA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá. 
Secretary-Generat, Dr. Julio Toriello, 11 Calle 2-37, zona 


, Guatemala, Meets annually in a rotating manner in 
the six countries. 

SoctepaD DE RaproLocia DE EL SALVADOR 
Secretary, Dr. Rafael Vega Gómez. 

SOCIEDAD pg RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala, 

SocrepaD pe RaproLooíA v Fisrorerapfa CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F,Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD COSTARRICENSE DB RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado VHI, 
San José, Costa Rica. 

Soctepap Mexicana Ds Raprorocía, A. C. 
Calle de! Oro No. 15. México 7, D. F 
Secretary-Genercl, Dr. E. Alvarez Hernández 
first Monday of each month. 

Asoctaciós PusnTORuIQUENA DB RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

Soctepap Raprotdécrca PANAMBRA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting. 

Socigbap Rapronserea pe Puerro Rico 
Secretary, Dr. César E. Rosa-Perez, Fondo del Segura del 
Estado, Parada 1, San Juan 8, Puerto Rico. Meets second 
Thursday of each month at 8:00 p.m. at the Puerto Rico 
Medical Association Bldg. in San Juan. 


Meets 
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British CoMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE Proviaca or QugBEC 
Secretary, Dr. Odilon Raymond, s40c Blvd. Gouin. 
Quest, Montreal, Que. Meets four times 2 year. 

Barrisa Insrirure or RADIOLOGY 
Honorary Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
London, W. 1. Meets monthly from Octcber until May. 

Epmonton AND Disrgicr RAbpioLocicar SceiEgTY 
Secretary, Dr. S. C. Windle, 105 Northzate Bldg., Ed- 
monton, Alberta, Meets first Tuesday cf each. month, 
Oct. to May. 

FacurTY or RADIOLOGISTS 
Honorary Secretary, Dr. R. A. Kemp Harper, 47 Lincoln's 
Inn Fields, London, W.C.2, England. Amnual meeting 
to be announced. 

Section or RapioLocv or THa Rovar Sociarv or Mapt- 
cina (CouriNgD To MapicaL Mumpars) 

Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. i 

CANADIAN ÁssoOctATION oF RADIOLOGISTS 
Honorary Secretary, Dr. Robert G. Fraser. Associate Hon- 
orary Secretary, Dr. Jean-Louis Léger, 1656 Summerhill 

Ave., Montreal 25, Que. Annual meeting: Marlborough 
Hotel, Winnipeg, Man., Jan. 22-24, 196:. 

MowrREAL RaproLocticAL Stupy CLUB 
Secretary, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec. Meets first Tuesday evening, October to April. 

Section or Raptotocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Sociéré CaNnaDIENNE-FRANGAISE D'ELgcrao-RADIOLOGIE 
MEDICALE 
General Secretary, Dr. Maurice Dufresae, 1560 Sher- 
brooke (East), Montreal, Canada. Meets third Saturday 
each month, 

Toronto RADIOLOGICAL SOCIETY 

Secretary, Dr. Wallace M. Roy, St. Joseph's Hospital, 
30 The Queensway, Toronto 3, Ontario Meets second 
Monday of cach month September throuxh May. 

CoLLEGE or RADIOLOGISTS OF AUSTRALIA 
Honorary Secretary, Dr. E. A. Booth, c/o British Medica, 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia, 





SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly, 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Institute de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 P.M. in the Hospital 
Nacional del Centenario, Santa Fe 1300, Rosario. 

Cor£écio BRASILEIRO DE RaptoLoGiA 
Secretary-General, D. Camillo Segreto. Avenida An- 
gélica, 1.170, Caixa Postal 5984, São, Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA, Jenra CENTRAL, 
Buenos AIRES 
Secretary, Dr. Edgardo O. Olcese, Santa Fé 1171, Buenos 
Aires, Meetings are held monthly. 

SocrepaD BortivaNA DE RADIOLOGÍA 
poU Dr. Javier Prada Méndez, Casilla 1596, La 

Paz, Bolivia. Meets monthly. General assembly once 

every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mera. de Sa, Rio de 
Janeiro, Brazil. General Assembly meets avery two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in SZe Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SoctepabD CHILENA DE RADIOLOGÍA 
Secretary, Dr. J. P. Velasco, Avenida Santa Maria 
oO410, Santiago, Chile. Meets fourth Friday of each 
month, 
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Socrepap COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

Socrepap Ecuarortana DE RaproLocíA v FistoTERAPÍA 
Secretary, Dr. Publio Vargas P., Casilla 1242, Guayaquil, 
Ecuador. 

SocrEbAD Paracuaya DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
322, Asunción, Paraguay. 

Sociepap PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perú. Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión," Villalta 218, Lima. 

SocrepaD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SoctepaD pe  RaptoLocía, 
MéEptea DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SocleDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

Socrepap DE RogNTGENOLOGIA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa Rosa 447, 
Córdoba, Argentina. 

Socrepap VENEZOLANA DE RaproLocfa 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 


CaNcEROLOGÍA Yy Ffsica 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday ot each month in 
Allgemeine Poliklinik. 

SociérÉ BELGE pe RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
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March, May, June, October, November and December. 
SociérÉ FRANÇAISE D ELECTRORADIOLOGIE MÉDICALE, 
and its branches: SocréTÉ pu Sup-Ovest, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L'OUEST, DE L'EST, ET D'ÁLGER ET D'AFRIQUE 
pu Nord. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 
Secretary-General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 
France. 
CeskosLovENsKÁ SproLECNosT PRO ROENTGENOLOGH A Ra- 
DIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Šrobárova so, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meeting. 
DEUTSCHE RÓNTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitäts- 
Róntgeninstitut. Lagenbeckstr. :, Mainz, Germany. 
Annual meeting to be announced. 
SocigrÀ Jratrana DI RapioLocia MEDICA E pt MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, Torino, 
Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR ÈLECTROLOGIE EN RÖNT- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag. 
Netherlands. 
SCANDINAVIAN RoENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
Socigbap EspaÑora pe RaprioLocía y ELecTROLOGÍA 
Mépicas v MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 
SCHWEIZERISCHE GESELLSCHAFT FUR RADIOLOGIE UND 
NUKLEARMEDIZIN (SociérÉ Suisse DE RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


InpIA 


Inpran RADIOLOGICAL ÁSSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 
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ROENTGEN DIAGNOSIS 


Heap 


Crecuint, A., and De Donato, E. 1 meningi- 
omi delle docce olfattorie. (Meningiomas of 
the olfactory grooves.) ) Radiol. med., Dec., 
1966, 40, 1150-1158. (From: Reparto Radio- 
logico, Iscitute Neurologico " Carlo. Besta" 
di Milano, lal v.) 


The authors present an analysis of the roentgeno- 
logic findings in meningiomas of the olfactory grooves, 
as noted on routine roentgenograms of the skull, « 
on roentgen studies of the central nervous system 
with contrast media. Nine cases were males and 1 
females: the average age at the time of admission 
was forty-six years. Surgical intervention showed 
that im 7 cases the meningioma involved only one 
olfactory groove, while in to cases the involvement 
was bilateral, and in g cases, although the menin- 
gioma involved both olfactory grooves, there was a 
greater involvement on one side. 

The roentgen findings noted on plain skull roent- 
genograms are sever ral: (1) calcifications were present 
in 5 cases (19.2 per cent), and all appeared above the 
ethmoidal-sphenoidal plane; (2) Sealed condensa- 
tion of hone was present in 15 cases (67.6 per cent) 
from a simple osteosclerosis (7 cases, 26.9 per cent), 
to a thickening cf the floor of the anterior fossa (b 
cases, 23 per cent), or to a localized hyperostosis (2 
cases, 7.7 per cent). These changes were in (1 cases 
limited te the midline and were symmetric, in the 
remaining 4 cases they involved only one side; (3) 
localized osteo! ytic lesions were noted only in 2 cases, 
in both at the point of origin of the meningioma; 
and (4) bony lesions secondary to increased intra- 
cranial pressure were present in 18 cases (69.2 per 
cent). 

The roentgen findings in cerebral angiography y are 
such as to perm it a correct diagnosis of the site and 
nature of a menin; zioma of the olfactory groove. The 
most common sign is a posterior displacement of the 
anterior cerebral artery and its frontal. branches, 
as it appears ọn the lateral angiograms, The angi- 
ographic findings in the anteroposterior view de- 
pend on the site and extent of the meningioma. In 


























the venous stage there is a posterior displacement of 


the central veins. In only 8 cases (30.7 per cent) 
was there pooling of the contrast medium in corres- 
pondence with the site of the meningioma. In 12 
cases (46.1 per cent) there was involvement of the 
ophthalmic artery and its branches. 
Preumaencepraiography was performed in only 
10 cases and generally at the beginning of the clinical 
investigation and before cerebral angiography. The 
characteristic findings are an indentation produced 
by the neoplasm on the frontal horn or horns and on 
the anterior part of the third ventricle; these were 
present in 8 cases. The cisterns in the region of the 
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sella turcica were involved in 7 cases; in a few patients 
there was a block at the level of the cisterna chias- 
matis and of the lamina terminalis, M however, 
were always displaced posteriorly. In 1 case there 
was a complet te cisterno-ventricular block. 

In the opinion of the authors, the roentgen findings 
observed on plain skull roentgesograms and on 
cerebral angiograms are in almost ail cases sufficient 
to make the correct diagnosis. In certain cases, in the 
so-called olfactory- tubercular meningiomas, the 
neopl: ism cannot easily be differentiated from a 
meningioma arising from the tuberculum sellae. The 
glioma of the chiasm, the craniopharyngioma, the 
chordoma of the clivus, etc. have characteristics 
which differentiate them from the meningioma of the 
olfactory grooves. —4. F. Govoni, M.D. 


Kerns, M. 'The angiographic demonstra- 
tion of cerebral occlusive disease. South. M. Jo 
May, 1961, 54, 4707475. (From: The Depart- 
ment of Radiology, Baptist Memorial Hos- 
pital, Memphis, Tenn.) 





The author and his associates have performed 
3,000 angiographic studies of the intracranial and 
neck vessels. Of these cases, only 0.8 per cent died or 
had permanent hemiplegia withi n twenty-four hours 
after the angiographic procedure; several of them 
had pre-existing disease sufficient to cause death. An 
additional 2 per cent had mild reactions with com- 
plete recovery. 

The six methods used were: (1) dircet percutaneous 
injection of the common carotid and the vertebral 
arteries; (2) retrograde carotid injection accom- 
plished by compressing the carotid artery distal to 
the needle, thereby ed its origin; (3) 
vertebral injection; (4) direct subclavian injection; 
(53) retrograde Cep of the innominate 
artery through the right carotid; amd (6) brachial 
artery catheterization. The brachial and direct 
subclavian injections are not considered to be satis- 
factory methods. Pneumothorax and mediastinal 
hemorrhage occurred too often with subclavian 
punctures. Over 40 per cent of the patients experi- 
enced mediastinal hemorrhage. 

Three types of occlusive disease occur in the neck 
and head vessels: (1) localized plaque formation, (2) 
multiple widespread plaque formation, and (3) gen- 
eralized constriction of many cerebral vessels. The 
association of some of these lesions with various types 







of strokes is discussed.-Frank M. Windrow, M.D. 
Crawrorp, E. Srantey, DeBakey, Mi- 
cHaeL E. Morris, George C, Jr. and 


Fierros, Witttam S. Treatment of stroke by 
arterial reconstructive operation. South. M. Fa 
May, 1961, 54, 476-485. (Vrom: The Cora 
and Webb Mading Department of Surgerv 
and the Department of Neurology, Baylor 
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University College of Medicine, Houston, 
Tex.) 


Angiographic studies were done on 89$ patients in 
whom extracranial lesions were suspected. Lesions 
were demonstrated in 336 of these cases. Bilateral 
carotid and bilateral trans-subclavian vertebral 
angiography was done on 861 consecutive patients. 
Thoracic angioaortography was performed when 
occlusion at the origin of the vessels from the aorta 
was suspected. The common sites of occlusion were 
at the bifurcation of the common carotid, at the 
origin of the common carotid, or at the origin of the 
vertebral, innominate or subclavian arteries. 

Seventeen patients were treated because of trouble- 
some ear noises or systolic murmurs in the neck. 
"There were 292 patients with neurologic disturbances. 
The neurologic findings are quite variable due to 
multiple occlusive changes and also to the variable 
collateral circulation. The classic symptoms produced 
by occlusion of the various vessels are outlined by 
the authors. Systolic murmurs are frequently heard 
at the site of partial occlusions. Diminished pulsa- 
tion of the vessels and diminished blood pressure 
distal to involved vessels are important physical 
findings. The authors suggest routine angiographic 
studies of all patients who have suffered a stroke. 

Of the 458 lesions treated surgically, 12 involved 
the external carotid, 309 the internal carotid, 20 the 
common carotid, 23 the innominate, 41 the sub- 
clavian and £3 the vertebral arteries. Operability 
depended on the location and extent of the occlusion 
and the status of the peripheral vessels. Patients with 
transient ischemic attack, strokes which have cleared 
and strokes with progressive improvement have a 
good prognosis. Others usually have multiple lesions 
and respond less satisfactorily to reconstructive 
vascular surgery. 

The two procedures usually employed were 
endarterectomy and end-to-side bypass graft. The 
techniques of each procedure, the anesthesia and the 
postoperative care are discussed. 

The surgical results are tabulated and discussed. 
They show a remarkable improvement in the prog- 
nosis for patients afflicted with strokes.--Frank M. 
Windrow, M.D. 





Kerns, M. M. Radiologic diagnosis of intra- 
cranial aneurysms and vascular malforma- 
tions. South. M. J., May, 1961, 54, 485-492. 
(From: The Department of Radiology, 
Baptist Memorial Hospital, Memphis, Tenn.) 


In the past twelve years 3,000 cerebral arteriog- 
raphies were done; 140 aneurysms and 22 arterio- 
venous malformations were diagnosed. 

Aneurysms are visualized as small pools of con- 
trast material lying outside the usual contour of the 
normal vessel, most commonly in the vicinity of a 
bifureation and frequently in the circle of Willis. 
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Bleeding is evidenced by displacement of vessels or a 
small "teat-like" protrusion of the opaque medium 
from the aneurysm. Spasm of a vessel is indirect 
evidence of bleeding. Because of the frequency of 
multiple lesions it is necessary to de termine the exact 
point of origin of the bleeding if possible. Oblique 
roentgenograms sometimes help to demonstrate i 
neck of the aneurysm. "Berry aneurysms" found 
about the circle of Willis are due to congenital mal- 
formations and are found in young people. Arterio- 
sclerotic aneurysms are usually along the course of a 
vessel in patients over thirty years of agc. 

It is desirable to determine whether cross-filling of 
the aneurysm occurs from the opposite side in order 

properly treat the case. Both the carotid and 
vertebral arteries should be demonstrated because of 
the frequency of multiple aneurysms. 

Arteriovenous malformations show large dilated 
feeding arteries, serpiginous vessels in the lesion, and 
very rapid transit of contrast material through the 
lesion. 

The definitive diagnosis of intracranial aneurysms 
or arteriovenous malformations is almost wholly 
dependent on cerebral arteriography.—-Frank M. 
W'indrow, M.D. 





NECK AND CHEST 
AnciLLa, Rene A., and Gasur, Benjamin M. 


Congenital aplasia or marked hypoplasia of 
the myocardium of the right ventricle (Uhl's 


anomaly); clinical, angiocardiographic, and 
pemed inane findings. Y. Pediat, Mar., 
1961, 58, 381-388. (From: The Pediatric 


Cardiophiysicioey Department, Cook County 
Children’s Hospital and Hektoen Institute 
for Medical Research, and the Department 
of Pediatrics, University of Illinois College 
of Medicine, Chicago, Il.) 


The authors report the angiocardiographic and 
hemodynamic findings in a proved case of congenital 
aplasia or marked hypoplasia of the myocardium of 
the right ventricle. 

The clinical findings consisted of progressive heart 
falure in infancy, marked cardiomegaly, feeble 
triple heart tones, no significant murmur, and ab- 
sence of clinical evidence of right ventricular hyper- 
trophy, pulmonary hypertension, or tricuspid regur- 
gitation. The chest roentgenograms demonstrated 
marked cardiac enlargement with normal or dimin- 
ished pulmonary. vascular markings. The electro- 
cardiogram showed right atrial hypertrophy and left 
ventricular. hypertrophy. Cardiac catheterization 
revealed normal systolic pressures and markedly 
elevated presystolic waves in the right ventricular 
and pulmonary arterial pressure curves which were 
identical with the right atrial “a” waves. 

The angiocardiograms demonstrated enlarged 
right heart chambers, diminished pulmonary blood 
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flow, unusual thinness of the right ventricular wall, 
and conspicucus absence of its trabeculae. 

The authors suggest a superior vena cava-right 
pulmonary artery anastomosis for palliative treat- 
mertof this anomaly.--fames F. Martin, M.D. 


Lóm., H., Loocen, F, and Vieren, H. Die 
periphere Pulmonalstenose. (Peripheral pul- 
menary stenosis.) Fortschr. a. d. Geb. d. 
Rénutgenstrahten u. d. Nuklearmedizin, Mar., 
1901, 9.5, 282-394. (Address: Prof. Dr. H. 
Vieten, Moorenstr. §, Düsseldorf, Germany.) 


Pedpherz] pulmonary stenosis, as defined by the 
authcrs of this article, refers to any stenotic area 
dista. to the pulmonary valve in the course of the 
pulmonary arterial circulation. It includes single or 
multiple lesions. The recorded incidence of this con- 
ditior is relatively small, chiefly because of the 
pauery of symptoms and because associated cardio- 
vascicar anomalies frequently dominate the clinical 
pictae and diagnostic methods. 

Ta ee main types are recognized: Form 1 includes 
sing cor multiple stenoses of the pulmonary artery of 
lobar segmencal, or lesser caliber; Form i1 refers to 
stenoves of one or both main pulmonary arteries at 
varyiag distances from the main stem and usually 
assocted with marked post-stenotic dilatation of 
the /rvolved vessel; Form 111 comprises stenoses of 
the supravaivular portion of the main stem that are 
not accompanied by any appreciable post-stenotic 
dilatazion. 

OF .,sco patients with congenital vascular anom- 
alies, peripheral pulmonary stenosis was found in 
O.44 per cert. In this study, only those cases with 
isolated peripheral pulmonary stenosis were con- 
sidered with regard to the hemodynamics, clinical 
picture, prognosis and differential diagnosis. 

The hemodynamics in stenosis of a single periph- 
eral agterv is essentially normal, whereas in Form i 
itis samilar to pulmonary valvular stenosis. The 
findings in Form n are not remarkable under normal 
cond:tons with the patient at rest. Occasionally, in 
Form a1 there may be a pressure difference in the 
systolz phase between pre- and post-stenotic levels, 
but the measurements are equal during diastole. 

The most reliable diagnostic method is selective 
intravascular catheterization. With this procedure, 
if thers is a diastolic as well as a systolic differential 
in à raain pulmonary branch, one should suspect 
stencs s of the contralateral main branch or multiple 
ses in the contralateral lung. H both main stems 
are stenotic, «tis rare to find any marked prestenotic 
hypertension. This is also true for supravalvular 
stenosi. 

The clinics! picture depends on the height of the 
pressuze, If the pressure is low, symptoms are usually 
absent Patients with high grade hypertension have 
exertioaal dyspmea, marked cyanosis and easy fatiga- 
bility. Intravascular phonocardiography is par- 
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ticularly valuable in ascertaining the type of mur- 
mur. A pure systolic murmur is a frequent finding. A 
continuous systolic and diastolic murmur is typical 
and is always registered in the post-stenotic portion, 
The roentgen findings include a prominent pulmonary 
artery segment and wide central and fine peripheral 
vessels in the lungs, with or without dilatation of 
the right side of the heart. 

While supravalvular stenosis :s quite similar to 
pulmonary valvular stenosis, the latter is not as- 
sociated with a prominent pulmonary artery segment 
but does produce a loud P2 sounc, which is of diag- 
nostic help. Because of the type of murmur, periph- 
eral pulmonary stenosis must be distinguished from 
patent ductus, particularly if the murmur is maximal 
in the second left intercostal space in the parasternal 
line. Patent ductus is associated with increased 
pulmonary vascularity. Such emtities as arterio- 
venous fistula, aortopulmonary septal defect and 
pulmonary thrombosis are most easily differentiated 
by means of angiocardiography and selective cathe- 
terization. =—7. Zausner, M.D. 

















Jounson, Panir M., Woop, Ernest H., 
PASTERNACK, BERNARD S, and Jones, 
Morris A. Roentgen evaluation of pul- 
monary arteria] pressure in mitral stenosis. 
Radiology, Apr., 1961, 76, 541—547. (Address: 
P. M. Johnson, 141 Central Avenue, Mont- 
clair, N. J.) 


The purpose of this paper is to review attempts 
made in the past to relate roentgen findings to pul- 
monary arterial pressure and to report the value of 
newly devised multiparameter formulas for the 
purpose. 

Roentgenograms of the chest give reliable quanti- 
tative evidence of pulmonary hypertension in mitral 
stenosis. As pointed out by Kerley, the peripheral 
basal linear markings, which he called B-lines, may 
be produced by pulmonary veneus hypertension. 
The development of B-lines in mitral stenosis is 
presumptive evidence of pulmonary venous hyper- 
tension. Their occasional presence during left ven. 
tricular failure and chronic passive congestion has 
been noted. B-lines are usually seen in cases with 
pulmonary “capillary” pressures above 20 to 30 mm. 
Hg and are invariably present when the mean left 
atrial pressure is in excess of 24 mm. Various in- 
vestigators have measured the width of the upper 
portion of the descending branch of the right pul- 
monary artery to determine the relationship between 
pulmonary arterial pressure and vessel width. It was 
concluded that the upper limit of rormal width was 
14 mm. Significant pulmonary hypertension was 
found in all patients with a vessel width of 1$ mm. or 
more. 

Forty-eight patients with pure or predominant 
mitral stenosis, as established by clinical, laboratory, 
and cardiac catheterization findings, were investi- 
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gated by the authors, Measurements of resting mean 
pulmonary arterial and pulmonary "capillary" pres- 
sures were made on all patients. In each patient an 
erect 2 m. posteroanterior chest roentgenogram, 
made within a few days after cardiac catheterization, 
was available for study. From this the following data 
were obtained: the presence or absence of B-lines; 
the altitude in millimeters of the pulmonary artery 
segment; the width in millimeters of the right de- 
scending pulmonary artery branch; the "pulmonary 
arterial size" in centimeters; and the internal thoracic 
diameter. Regression equations were derived which 
gave a strong correlation between mean resting 
pulmonary arterial pressure and four roentgen 
parameters: the presence or absence of Kerley's B- 
lines, the height in millimeters of the pulmonary 
artery segment, the width in millimeters of the right 
descending pulmonary artery segment branch, and 
the "pulmonary arterial size" in centimeters.— 
AW, Sommer, M.D. 


McCue, Caroryn M., and Youne, R. B. 
Cardiac failure in infancy. J. Pediat., Mar., 
1961, 58, 330-341. (From: The Department 
of Pediatrics, Medical College of Virginia, 
Richmond, Va.) 


The authors present a review of 115 consecutive 
cases of cardiac failure in infancy to emphasize the 
serious prognosis of congestive heart failure and to 
stress the importance of early definitive diagnosis. 

The primary causes of congestive cardiac failure in 
71 per cent of the cases studied were endomyocardial 
disease, interventricular septal defect, coarctation of 
the aorta, transposition of the great vessels, patent 
ductus arteriosus, and aortic atresia. The term 
"cardiac failure" was used to indicate that the heart 
had failed to maintain adequate output to supplv 
the metabolic needs of the body. Dyspnea was al- 
ways present and a cardiac enlargement was noted 
in all but a few cases. 

The following therapeutic principles and/or meas- 
ures constituted the initial management: (1) oxygen, 
(2) rest, (3) antibiotics, (4) low salt diets, (5) diu- 
retics, and (6) digitalis. 

Although the prognosis for infants with cardiac 
failure is grave, it seems clear that a progressively 
larger percentage of them can be salvaged by identi- 
fication of the underlying lesion and by adequate 
treatment. This is notablv true in respect to patent 
ductus arteriosus, coarctation of the aorta, paroxys- 
mal supraventricular tachycardia, pulmonic stenosis, 
myocarditis, and severe anemia.— fames F. Martin, 


ALD. 


‘Tourn, P., ScHarpe, A, Hincer, H. H., and 
Dix, A. Der Ventrikelseptumdefekt im 
selektiven Laevokardiogramm. (Ventricular 
septal defect in selective levocardiography.) 
Fortschr. a. d. Geb. d. Réntgenstrahlen u. d. 
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Nuklearmedizin, Mar., 1961, 94, 305—323. 
(Address: Prof. Dr. P. Thurn, Med. Klinik 
der Univ., Bonn-Venusberg, Germany.) 


Selective levocardiography is the best method for 
accurate localization of ventricular septal defects 
with left to right shunt, whether isolated or multiple 
defects exist. It is particularly valuable when the 
defect is small, since this method car distinguish 
membranous from muscular defects. It is likewise 
definitive for the differential diagnosis of isolated 
intra-atrial septal defect and one combined with a 
ventricular septal defect. Also, a common atrio- 
ventricular channel can be differentiated from a 
combined intra-atrial and ventricular septal defect, 
particularly with the direct opacification of the right 
atrium from the left ventricle. In addition, levo- 
cardiography is successful in demonstrating aortic 
valvular insufficiency with subvalvular septal defect 
and differentiating this combination from ductus 
arteriosus or aortopulmonary defects. 

Selective levocardiography affords the advantage 
of an unobstructed view of the outflow tract of the 
right and left ventricles. There are no overlying 
pulmonary vessels. Opacification is maximal because 
there is no dilution of the contrast material in the 
lungs or the left atrium. À rapid filming technique is 
essential. The best topographic results are obtained 
by simultaneous exposures in lateral and left ante- 
rior views. These projectious also furnish information 
concerning the size of the defect, the caliber of the 
aorta and the ratio of the aortic to pulmonary diam- 
eter. In general, the size of the defect is less important 
than its proportional relationship to the diameter of 
the aorta. 

In membranous defects, the contrast material 
flows from the left into the right ventricle chiefly in a 
caudal direction on the posterior wall, leaving the 
anterior wall (outflow tract) relatively unaffected. 
The shunted blood flows during systole in a dorso- 
caudal direction, whereas the diastolic fow occurs in 
the ventrally situated outflow tract. It has been de- 
termined that, in membranous defects, the shunt 
occurs during ventricular systole, while the shunt 
takes place during ventricular diastole {f the defect is 
muscular and especially when it is small. Incident- 
ally, a small muscular defect is of no rez] significance, 
since it usually closes during systole. 

A dilated left ventricle associated with a relatively 
small aorta and wide pulmonary artery indicates a 
large left to right shunt, which will produce better 
contrast filling of the pulmonary arteries than a small 
left to right shunt. A slightly dilated left ventricle, 
with an aorta and pulmonary artery of equal caliber, 
indicates a weak shunt. A very marked dilatation of 
the left ventricle is usually combined with a ven- 
tricular and atrial septal defect. 

A common atrioventricular chamber with an atrial 
septal defect produces a left to right shunt. The 
common chamber with a ventricular septal defect 
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likewise as long as the resistance in the lesser 
circulation is lower than in the general circulation. In 
this anomaly. during systole, the shunt is usually 
from the left ventricle to the right atrium, but, oc- 
sally, it is from the right ventricle to the left 
atrium or from the left atrium to the right ventricle. 
An associated anomaly of the mitral valve may cause 
mt from the left ventricie to the left atrium. 
arly, an anomaly of the tricuspid valve may 
cause a reflux from the right ventricle to the right 
atrum. If an associated ventricular septal defect is 
not :ppreciable, the shunt is from the left ventricle 
to the right atrium. With a large ventricular septal 
defect, two shunts may be seen: from the left ven- 
tric] 
the ~almonary artery and right atrium. This occurs 
partzularlv if there is a high septal defect. 


LZ M.D. 
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pJ. STAUFFER, An evaluation of cardio- 

contrast media. Radiology, Apr., 
rebl, 70, 548-563. (Address: 230 N. Broad 
Saet, Philadelphia 2, Pa.) 


ae 
i] 





The increased use of cardiovascular opacifying 
procedures for the diagnosis of congenital malforma- 
tions of the heart and great vessels and for the study 
of acquired cardiovascular disease has led to a search 
for and dev elepment of many new radiopaque media. 
None of the methods of evaluating these conditions 
is ecmpletely devoid of danger to the patient and 
mos: of the hazards are due to the injected radiopaque 
med m. Because of this, the author has investigated 
the physicochemical and toxicologic properties of the 
varens contrast media he has used his clinical 
stuibes of the heart, intrathoracic vessels and pul- 
monary circulation. Since a good contrast agent 
shouid possess, in addition to an absence or low de- 

ee of toxicity, good radiodensity and low viscosity, 
hence easy injectability, additional studies were 
made from the standpoint of viscosity, flow rates 
throagh catheters, phantom radiodensity and com- 
paracve angocardiographic opacification in experi- 
meniu] animals. Reactions were also tabulated in a 
series: of clin:cal studies made with certain of the 













viscosity studies were conducted at three 
ent temperatures. They revealed that hypaque 
iom so per cent had the lowest ard cardiogratin 
cent the highest viscosity. The viscosity of 
of the media tested decreased as the tempera- 
vas raised. Flow rates through catheters were 
"ced most by the size of the catheter. Large 
boseatheters, at the high injection pressure applied, 
ted a high rate of flow of each of the tested 
ely approximating that of water. As 
the catheter bore was decreased, differences in the 
rate ef flow became more evident. Cardiografin go 
per sent was found to have the slowest rate of flow, 
whe hypaque-M 5o per cent and miokon sodium so 
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per cent were found to have the most e rates. 

Animal toxicity studies showed that the cerebro- 
toxic and cardiotoxic effects are somewhat dependent 
upon the chemical nature and cencentration of the 
contrast agent, more dependent upon the amount 
injected, and to a certain extert upon the site of 
injection. These studies were Emited to toxicity 
comparisons of two of the newer preparations, 
ditriokon and renovist, with two of the older media, 
diodrast 7o per cent and urokon 70 per cent. Ditri- 
okon and renovist were found to be less toxic to the 
animals (dogs) tested than diolrast 7o per cent. 

Radiodensity studies were dore with the use of a 
plastic block phantom as well as a testing procedure 
employing dogs under conditions simulating clinical 
cardiovascular opacification studies. While electronic 
densitometer recordings showed ‘ower, medium and 
higher range radiopacity readinzs in the phantom 
procedure, the test procedure om dogs showed little 
over-all difference in the degree xf opacification pro- 
duced by the several media as determined. visually. 

Clinical studies for the most part with ditriokon, 
renovist, and hypaque 75 per cent have given the 
general impression that the incidence of reactions is 
about the same for all and that the degree of such 
reactions is very similar. The author believes that 
the reactions are definitely less marked as compared 
with his previous experiences using the more con- 
centrated media such as diodrast 76 per cent and 
urokon 70 per cent. A considerably wider margin of 
safety is also felt to be present wath the less concen- 
trated media. 

It is the opinion of the author chat factors such as 
catheter type, size and length, pressure injection, 
injection rate, catheter positioning, rapid serial 
roentgenography or — cineroentgenography, — the 
amount of injected medium, and the technique of 
injection using the most favoralxe catheter location 
for the most informative study are of more impor- 
tance and significance than minor differences in 
absolute radiodensity and small variations in iodine 
content of the several cardiovascular radiopaque 
agents. He concludes with the statement that reno- 
vist, of moderate iodine conteat, effective radio- 
density, comparatively low viscosity, and a good 
flow rate through catheters appears to be one of the 
most satisfactory cardiovascular contrast prepara- 


tions he has employed.--Donald N. Dysart, M.D. 








Doy ie, F. H., Reap, A. E., end Evans, K. T. 
The mediastinum in por-al hypertension. 
Clin. Radiol, Apr, 1901, 72, 114-129. 
(From: The Departments of Radiodiagnosis 
and Medicine, Hammersmith Hospital, 
London W.21, and Postgraduate Medical 
School of London, England.) 

In portal hypertension. due to intrahepatic or 


extrahepatic obstruction, some of the blood returning 
from the splanchnic bed bypasses the liver and is 
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shunted by collateral channels to the systemic venous 
system. These collateral channels ultimately drain 
into the superior and inferior venae cavae, The 
terminal part of the azygos vein, which joins the 
superior vena cava a short distance above the peri- 
cardium, is the “final common path” of all these 
routes, Any prolonged and considerable increase in 
the volume of blood flowing through the azygos and 
hemiazygos veins might be expected to result in an 
increase in their diameters. 

The azygos vein in the thorax runs in a cephalad 
direction anterior to the vertebral bodies as far as the 
fourth or fifth dorsal vertebra. It is Joined in front of 
the vertebral column by the superior and inferior 
hemiazygos veins. At the level of the fourth or fifth 
thoracic vertebral body, the azygos vein arches for- 
ward over the root of the right lung, passes close 
to the trachea in the right tracheobronchial angle, 
and joins the superior vena cava on its posterior as- 
pect. 

The method used in this study for the roentgen 
demonstration of the azygos vein was that of antero- 
posterior laminagraphy. The segment of the azygos 
vein which lies in the right tracheobronchial angle 
adjacent to the trachea is peculiarly well suited to 
laminagraphic demonstration. Its lateral margin is 
covered by mediastinal pleura and is clearly de- 
lineated against the aerated lung. The medial margin 
is not normally discernible, but the inner wall of the 
trachea is sharply defined against the shadow of air 
in the trachea. The size of the azygos vein shadow is 
largest when the patient is supine, smallest when the 
patient is erect, and intermediate when the patient is 
sitting. The exposure is made without delay at the 
end of a normal expiration—the size of the azygos 
vein being larger in expiration than in inspiration. 
Three laminagraphic sections are routinely made at 
intervals of 1 cm. using a multisection cassette. 
Nearly always the azygos vein is shown best in 
sections at levels 8, 9 or 10 cm. above the table top. 

The criteria of portal hypertension accepted for 
this investigation were that the patient should have 
evidence of esophageal or gastric varices on barium 
swallow and/or collateral channels demonstrated by 
splenic venography. However, these criteria do not 
in every instance imply a raised portal pressure. In 
some cases of portal obstruction, the collatera! vessels 
develop to such an extent that the portal pressure 
falls to normal levels. 

The measured diameters of the azygos veins were 
plotted against age, sex, height, weight and body 
surface area and the only significant correlation was 
found to be with the weight of the patient. This 
correlation is statistically highly significant. Be- 
cause of this finding, the diameters of the azygos 
veins in both control and portal hypertensive groups 
were corrected to a standard patient weight of 140 
pounds. If all other causes of azygos vein enlarge- 
ment are excluded, a patient with an azygos vein 
diameter of 20 mm. or more, measured by the 
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method described, is almost certain te have portal 
hypertension. 

The hemiazygos venous system is commonly rep- 
resented as a superior and an inferior hemiazygos 
vein, each lying in front of the left side of the thoracic 
vertebral bodies and each draining into the azygos 
vein in front of the vertebral column. Explanations 
for the formation of the left paravertebral shadow 
seen on an anteroposterior roentgenogram of the 
thoracic spine vary. Billing and Knutsson imply that 
it is due to the pleural reflection between the de- 
scending aorta and the vertebral column. Gladniko#, 
in his monograph on the mediastinum, introduces 
evidence to suggest that it is due to the hemiazygos 
vein. At all ages the left paravertebral shadow is, on 
the average, wider in the patient with portal hyper- 
tension than in the contro! group. Above the age of 
forty-five years, some factor or factors unrelated to 
portal hypertension are present which result in 
widening of the left paravertebral shadow. The 
factor which seemed to the authors to be the main 
cause for this was the presence of degenerative disk 
changes in the thoracic spine. Dilatation and elonga- 
tion of the descending thoracic aorta is a second 
factor which may play a part in some cases. In re- 
viewing the roentgenograms of a large series of pa- 
tients with portal hypertension, a number of cases 
with very wide left paravertebral shadows were 
discovered. In all these patients there was clinical 
evidence of Auid retention, and it seemed plausible 
to the authors that the explanation of the abnormal 
width and shape of the left paravertebral shadow in 
this group lay in the presence of excess fluid in the 
mediastinum- “mediastinal edema." 

The incidence of posterior mediastinal opacities or 
an abnormal right paravertebral shadow in patients 
with portal hypertension is not high—approximately 
10 per cent. These mediastinal abnormalities occur 
(invariably, in the authors’ experience) in patients 
who have large esophageal varices demonstrated by 
barium swallow, and who exhibit numerous large 
collateral venous channels at splenic venography. 
The lack of correlation between the size of the azygos 
vein and the extent of esophageal varices may be an 
indication that the flow of blood through the esopha- 
geal varices is slow, and that they are “poor col- 
laterals,” playing little part in reducing portal venous 
pressure. There is also an absence of correlation be- 
tween the size of the azygos vein and the presence or 
absence of ascites, encephalopathy and gastroin- 
testinal bleeding. Some estimate of the size of the 
azvgos vein and of the width of the left paraverte- 
bral shadow can often be obtained from a supine 
anteroposterior roentgenogram of the mediastinum. 

While roentgen study of the mediastinum can 
make an important contribution to the diagnosis of 
portal hypertension, these mediastinal abnormalities 
should not be misinterpreted. A dilated azygos vein 
in the tracheobronchial angle can simulate a tumor. 
Similarly, a dilated part in the ascending azygos vein 
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and in other mediastinal veins can simulate tumors. 
— Samia G. Henderson, M.D. 


ABDOMEN 


Hays, Daxner M. Intussusception as a post- 
operstive complication in pediatric surgery. 
Surg. Gynec. € Obst., May, 1961, 772, 583- 
$89. i From: The Division of General Surgery, 
Los &ngeles Childrens Hospital, Los Angeles, 
Cale.) 

The author presents y cases in which the complica- 
tion o: intussusception occurred during the early 
pestoperative state after laparotomy for other condi- 
tiens. ^ae cases are reported in great detail. 

This complication is observed with sufficient fre- 
quency to warrant special consideration when ob- 
structiwa occurs after laparotomy. The irtussuscepta 
are corüned to the small bowel and are rarely as- 
scciate with rectal bleeding or a palpable abdominal 
mass. “he development of vomiting and distention 
after tae return of gastrointestinal function is char- 
acters ic. Roentgenograms usually show mechanical 
obstrastion with intra-abdominal fluid. There is 
leakoe “tosis of marked degree. 

In culdrem, therapy by intralumina! suction in 
cases e! apparent adynamic ileus or adhesive ob- 
struczion should be brief, with recognition of the fact 
that postoperative intussusception is a real entity 
ard necessitates surgery. Eva S. Carey, M.D. 

























Rajic. D. S. Some lesions of the colon in infancy 
and«childhood. Canad. M.A.J., Apr. 22, 1961, 
Sy, 980-886. (From: The Departments of 
Racology, War Memorial Children's Hos- 
pita , London, Ontario, and the University of 
Western Ontario, Canada.) 


The zuthor discusses Hirschsprung’s disease and 
inzuss ption of the bowel and emphasizes the 





contribution of the radiologist in the diagnosis and 
treatment of these conditions. He describes a new 
metho« of fluoroscopy with use of the image intensi- 





that it 2 
oFintu. 


‘iminates most of the objections to treatment 
usception by barium enema. 

Hirschsprung's disease is also known as congenital 
megaceon and, recently, as aganglionic colon. Al- 
though the diagnosis is relatively simple it is fre- 
quentl= delayed or missed. The demonstration of a 
narrow segment of the distal colon and dilatation and 
hrpertzaphy of the colon proximal to the narrow seg- 
ment ere usually diagnostic of this condition. It is 
nctec :hat the rectosigmoid area may be obscured 
inthe plain posteroanterior study and, for this reason, 
it is fer that oblique roentgenograms cf the recto- 
sigmobl area must always he made to avoid missing 
a smal area of aganglionosis. Occasionally a rectal 
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biopsy is indicated in order to maxe the diagnosis 
more positive. 

Intussusception is described and illustrated by 
several case reports. Reduction by oartum enema is 
discussed in some detail and the advantages and 
disadvantages of this method are listed. 

The statistics published by Rav tch of the Chil- 
dren's Hospital in Pittsburgh show no significant 
ditference in mortality between the cases treated with 
barium enema and those treated surgically. The 
author believes that the reduction in radiation 
exposure, which can be accomplished by use of the 
image intensifier, removes the only remaining objec- 
tion to the reduction of intussusception by barium 
enema.--Richard E. Kinzer, M.D. 





GassrER, Marvin, Gonipen, Ross, Wiis, 
Drake, and MetitnKorr, SHERMAN M. 
Xanthomatosis involving tie colon and 
small intestine. dim. 7. Digest. Dis, Apr., 
1961, 6, 312-321. (From: The Departments 
of Medicine, Radiology aad Pathology, 
University of California School of Medicine, 
Los Angeles, Calif.) 


This article reports a case of xan: homatosis of the 
colon in a fifty-four year old femae who had been 
under observation because of induretion and swelling 
of some areas of her skin. Over most of her body the 
skin was thickened and its color gave it the appear- 
ance of a pumpkin. She was intermittently anemic 
and the blood cholesterol ranged »etween 300 and 
600 mg. per cent. She had chron: disease of the 
liver. 

Mucous membranes of the soft palate and pharynx 
showed a deposition of vellowish-crange pigmenta- 
tion. Pigmentation of the rectal mucosa was also 
noted on proctosigmoidoscopy. She ultimately be- 
came Jaundiced and died in another hospital, death 
apparently being due to myocardial infarction, al- 
though this was not demonstrated at autopsy. 

Barium enema examination of the colon is stated to 
have revealed variations in the mucosal pattern, but 
the roentgenograms reproduced in good illustrations 
are not very convincing. Small bowd changes are also 
described, but the autopsy record does not mention 
the small bowel. Microscopic sectioas from the colon 
show xanthoma cells in the submucosa only. Un- 
fortunately, the autopsy findings were not correlated 
with the clinical history.—AicAara E. Kinzer, M.D. 





Crosta, CLEMENTE, and Faveso, PIER ALES- 
SANDRO, Sur les résultats obtenus avec 
l'examen tomographique daas l'étude des 
voies biliaires au moyen de la cholangio- 
graphie intraveineuse. (Results of lamina- 
graphic examination in study of the bile 
ducts during intravenous chelangiography.) 
Radiol. Clin., July, 1960, 29, 224-250. (From: 
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Institut de Pathologie Chirurgicale de l'Uni- 
versité de Milan, Milan, Italy.) 


Laminagraphic examination may be of consider- 
able importance in cholangio-cholecystography. It is 
very useful for a clear demonstration of the bile ducts 
and occasionally it is helpful for better visualizing 
the gallbladder. Laminagraphy aids the examiner in 
determining more precisely when the biliary system 
is normal. Also, when pathologic changes are present, 
the details are more clearly shown. 

Laminagrams are usually taken after about twenty 
minutes if the common bile duct is seen on a routine 
roentgenogram of the right upper quadrant. If very 
poor visualization is obtained, an injection of mor- 
phine or of other drugs which may cause relative con- 
traction of the spincter of Oddi is given. Lamina- 
grams are usually taken in slightly oblique positions 
with the first cuts at 7-8-9-10 cm. from the table top. 

The results in 71 patients are tabulated and fifteen 
roentgenographic reproductions. are included. 


Charles M. Nice, Jr., M.D., Ph.D. 


VFuiMaNN-Danur, J. Radiology in tumours of 
the pancreas. Clin. Radiol., Apr., 1961, 72, 
73-79. (From: The Roentgen Department, 
Ulleval Hospital, Oslo, Norway.) 


Of the intra-abdominal organs, the pancreas is 
one of the most difficult to examine. Its retroperito- 
neal position at the height of L2-L 3 makes palpation 
of the normal gland nearly impossible and the close 
connection with the posterior abdominal wall pre- 
vents distinction from other organs. 

There are mainly two types of tumors which occur 
in the pancreas the carcinomas and the cysts. 
Clinically, carcinoma of the body of the pancreas 
produces continuous, severe pain, most pronounced 
when the patient is lying on his back and relieved 
when he is sitting up. Tumors of the head of the 
pancreas present with jaundice as the first sign, later 
associated with pain and vomiting. 

In the last decade new methods of investigations 
have been developed which, to some degree, are supe- 
rior to the conventional ones. Procedures for the 
direct or indirect diagnosis of tumors of the pancreas 
are: (1) conventional gastrointestinal study (includ- 
ing plain roentgenography); (2) pre-, inter- and post- 
operative cholangiography (using biligrafin); (3) 
pancreatography during or after operation (establish- 
ment of an external fistula and injection of contrast 
medium); (4) pneumolaminapancreatography (in- 
sufflation of retroperitoneal air and inflation of the 
stomach); (5) aortography (especially by the intro- 
duction of a catheter into the celiac artery); and (6) 
splenoportography. 

In the diagnosis of carcinoma of the pancreas, 
various writers have stressed the demonstration in 
gastrointestinal studies of indentations or defects in 
the contour of the stomach or duodenum caused by 
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the tumor and, in addition, changes in the mucosal 
pattern. Small defects and indentations occur first on 
the inside of the duodenal loop anc in the pyloric 
region. In these areas they indicate a tumor of the 
head of the pancreas. The larger indentations on the 
stomach and colon, related to tumors of the body and 
tail of the pancreas, may represent either neoplasms, 
which are usually inoperable, or benign tumors, such 
as cysts and pseudocysts. 

At operative cholangiography, coincident filling 
of the pancreatic duct for its entire length may occur. 
Indentation, displacement or deformity of the com- 
mon duct may indicate the presence of a pancreatic 
tumor. 

A method of pancreatography performed during 
operation was described by Leger, Gally and Arvay 
in 1954. Another technique was reporred by Macarini 
and Perassi in 1953. They used a combination of 
retroperitoneal insufflation, gas in the stomach and 
transverse axial laminagraphy, making it possible 
for the first time to see the pancreas directly. If 
properly done, it is easily performed and safe for the 
patient. Laminagrams are taken either in the hori- 
zontal position, with the patient in lateral recum- 
bency, or in the erect lateral position, and transverse 
sections are made with the patient sitting or standing 
upright. In the lateral position, several laminagrams 
must be taken to include the area from the head to 
the tail of the pancreas. The gland is then seen to be 
"foating" in the retroperitoneal air in front of the 
kidney, bordered anteriorly by the gas-distended 
stomach. Transverse axial laminagrams are more 
difficult to obtain and also more difficult to interpret. 
This is particularly true in thick, heavy individuals. 
Such studies are often decisive for final diagnosis. In 
normal cases the retroperitoneal air seems quite regu- 
larly to “dissect out" the pancreas, so that the con- 
tours are well shown and the gland "floats" in the 
air. In pathologic cases, when the pancreas is not 
clearly outlined, the blurred contours may indicate a 
lesion with some degree of certainty. 

Angiography is a valuable aid in studying tumors 
of the pancreas. Aortography is, in many ways, 
nearly as effective and may even be better than using 
selective injection into the celiac artery, because of a 
simultaneous filling of other vessels. Amundsen has 
pointed out that downward displacement of the kid- 
ney, indicated by a steeper angle of the renal artery, 
is often noted with tumors of the pancreas. The renal 
or hepatic artery may be bent caudally, and the 
aorta is often curved more to the left than normal. 
When a patient with an aneurysm of the abdominal 
aorta is admitted with a diagnosis of pancreatic 
tumor, the aneurysm will probably be overlooked if 
the examination is limited to injection of the celiac 
artery, but aortography will reveal the dilated vessel. 
However, a lateral view is one of the advantages of 
the selective method, and such a view can hardly be 
obtained in aortograph y. Also, by using splenoportog- 
raphy, information can be gained about the pres- 
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ence of a pancreatic tumor, for instance, hy showing 
invzsion of the splenic or hepatic vein. 

In sur: mary, the author feels that retroperitoneal 
insufflatton of oxygen combined with laminagraphy 
is particularly valuable in the diagnosis of tumors of 
the panc eas.—Samael G. Henderson, | 





GYNECOLOGY AND OBSTE 





ICs 


Bexnett, M. E, Lyncn, J., and TWEEDIE, 
F. J. Fhe erect lateral projection of the pelvis: 
am assessment of its value as an initial proce- 
dure iz pelvimetry. Y. Canad. A. Radiologists, 
Mar, 1961, 72, 10-14. (From: The Royal 
Vetera Hospital, Montreal, Quebec, Can- 
aca.) 


The authors studied the erect lateral roentgeno- 
grams of the pelvis in 317 patients examined in the 
Royal Victoria Hospital between 1954 and 1958 in an 
attempt « determine the percentage in whom a 
vaginal delivery could be predicted. The shortest 
antesopcscerior diameters of the inlet and of the out- 
let were measured. The shape and inclination of the 
sacrum, t.e width of the sacrosciatic notch and the 
relationsh;p to the presenting part were evaluated. 
Cephalometry was done when possible. 

In a group of 278 cases, uncomplicated vaginal 
delivery vas predicted in 189. This proved to be 
correet in 181 cases, an accuracy of 9s.8 per cent. 
The error was primarily due to failure to recognize 
lower pelve strait disproportion. 

The man advantage of this single roentgenogram 
technique s the reduction in the radiation exposure 
of the maernal ovaries and of the fetus. The prin- 
cipal defe-encies are related to the impossibility of 
determinirz the interspinous diameter and the pelvic 
shape.—Y*..N. Ané, M.D. 








BaGapassarian, Orca M. Korurkn, P. 
Rupew, and Scrurrze, Gunrer. Massive 
neenatal ascites. Radiology, Apr., 1961, 76, 
$86-5gz. (Address: ©. M. Baghdassarian, 
Jokns Hopkins Hospital, Baltimore 5, Md.) 


The authors review the literature of massive fetal 
or neenata ascites and present 3 cases of this rare 
intraperitozeal accumulation of fuid during prenatal 
life or shorty after birth. Three large groups o^under- 
lying znatemic abnormalities have been implicated 
in the pathogenesis of this condition: (a) intestinal 
anomalies sach as perforation of the bowel secondary 
to malformation; (b) portohepatic abnormalities 
producing cbstruction of the portal circulation; and 
(c) anamali-s of the lower urinary tract. 

The aceumulation of large amounts of fluid in 
gastrointestinal abnormalities is usually the result of 
perforation of a viscus secondary to atresia, stenosis, 
intussuscep-3on, volvulus, or herniation. Porto- 
hepatic abnormalities produce ascites through intra- 
and/orextrzhepatic obstruction of portal circulation, 
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and are rarely amenable to surgery. Intrahepatic 
obstruction is the more common and is due to con- 
genital hepatic cirrhosis. Genitourinary abnormali- 
ties are associated with atresia of zhe urethra or 
urethral obstruction. The method of duid formation 
intraperitoneally in urethral obstruction is not clear 
except in cases of perforation of the bladder, but it 
may be due to transudation. 

Roentgenographically, there is diffuse, homogene- 
ous opacification of the abdomen, with bulging flanks 
and lack of properitoneal fat lines. When bladder 
neck obstruction is present, the cystourethrogram is 
usually diagnostic. The authors stress that neonatal 
ascites not associated with generalized edema is an 
emergency situation with a grave prognosis, unless 
there is prompt correction of the urderlving con- 
genital anomaly. Yohn S. Alexander, M.D. 


Broob AND LYMPH SYSTEM 


Borer, R., and Demer, E. Die perkutane 
Splenoportographie und der :ntrasplenale 
Adrenalintest bei der Leberzirrhose. (Percu- 
taneous splenoportography anc the intra- 
splenic adrenalin test in cirrhosis of the 
liver.) Fortschr. a. d. Geb. d. Réatgenstrahlen 
u. d. Nuklearmedizin, Feb., 1961, 94, 199- 
207. (From: Medizinische Abteilung des 
Allgemeinen Krankenhauses in Wien, Vienna, 
Austria.) 


The authors examined 114 patients for hepatic 
diseases and used as diagnostic criteria the vertical 
diameter of the spleen on the roentgenogram, intra- 
splenic pressure values (both before and after intra- 
splenic injection of adrenalin), evidence of func- 
tional and anatomic alterations in the portal venous 
system, and, finally, the intrasplenic adrenalin test. 

The following procedure was employed: A laparo- 
scopic examination is made, which yields valuable 
macroscopic and microscopic information and per- 
mits insertion of a needle into the hilus of the spleen. 
A pressure gauge is connected to the needle and the 
intrasplenic pressure is determined. Roeatgenograms 
are made during and after injection of from 40 to 60 
ml. of contrast medium. Then, 1/10 mg. of adrenalin 
is injected into the spleen and the intrasplenic pres- 
sures are continuously recorded. At the same time 
the peripheral blood pressures are determined. 

Great splenic enlargement was observed in cases 
of acute hepatitis and in advanced cirrhosis. In 
chronic hepatitis and in early cirrhosis, the size of 
the spleen remained essentially normal. 

The intrasplenic pressure was slightly below the 
portal pressure in normal persons, as well as in pa- 
tients with fatty degeneration or atrophy of the 
liver. In inflammatory hepatic diseases and in 
cirrhosis, the intrasplenic pressures were greatly in- 
creased unless there was collateral cireulation be- 
tween the portal and the caval systems. 
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The observations after intrasplenic injection of 
adrenalin were as follows: In the normal patient the 
spleen contracted and the intrasplenic pressure in- 
creased by approximately 200 mm. of water. The 
peripheral blood pressure remained unchanged. 
Patients with severe cirrhosis, on the other hand, 
showed increases of only 100 mm., or even negative 
values. In the presence of portacaval coilateral cir- 
culation, the increase in intrasplenic pressure was 
insignificant, but the peripheral blood pressure rose 
within one minute after the injection of adrenalin. 

The authors inject 60 ml. of 76 per cent urografin 
within six seconds. If the injection of the contrast 
medium is too forceful and too fast, retrograde filling 
of the veins occurs, simulating pathologic portacaval 
collateral circulation. It is of special importance to 
realize that in those cases the intrasplenic adrenalin 
test will not result in an elevation of the peripheral 
blood pressure.-Wolfgang H. Steinmetz, M.D. 


Vancas, Lesrer L., and Fonsvrug, THomas. 
A syringe heater for angiocardiography. 
Radiology, Feb., 1961, 76, 248-250. (Ad- 
dress: Rhode Island Hospital, Providence 2 
R. I) 


The authors describe a syringe heater which they 
designed for use with a mechanical injector. Its pur- 
pose is to maintain the radiopaque medium used for 
angiocardiography at body temperature before and 
during the injection. This is essential when 9o per 
cent diatrizoate (hypaque) is used, because this 
preparation has the disadvantage of separating into 
crystalline and fluid fractions at room temperature. 

The syringe heating device consists of a hollow 
cylinder, machined from a standard rod of stock 
aluminum, which fits around a Lehman ṣo cc. 
syringe. A slot along one side permits visualization 
of the calibrations on the syringe. A copper elec- 
trical thermal immersion element supplies the heat 
by conduction to the aluminum jacket. The solution 
reaches body temperature in ten to fifteen minutes 
and the temperature is maintained at that level by 
a thermostat. The advantages of this heater are its 
simplicity and its low cost-—-W. M. McBride, M.D. 
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WALLACE, SIDNEY, JACKSON, LAIRD, SCHAFFER, 
Burron, Gou.p, Jonn, Greenine, Roy R., 





Wess, ARTHUR, and Kramer, Simon. 
Lymphangiograms: their diagnostic and 


therapeutic potential. Radiology, Feb., 1961, 
76, 179-199. (Address: Department of Ra- 
diology, Jefferson Medical College Hospital, 
Philadelphia 7, Pa.) 

A modification of Kinmonth’s method of intra- 
lymphatic injection was used to demonstrate the 
lymphatics and lymph nodes of the extremities, in- 
cluding the pelvic, para-aortic, axillary, and supra- 
clavicular areas, as well as the thoracic duct. A mix- 
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ture containing equal parts of o.5 per cent Evans 
biue dye and 1 per cent procaine hydrochloride was 
injected intradermally into the interdigital web 
space between the first and second digits to make the 
lymphatic channels identifiable. Ethiodol was in- 


jected slowly into the exposed lymph vessel without 


undue pressure. Five to 7 ml. of radiopaque material 
was used for studies of the upper extremity and 10 to 
15 ml. in the lower extremity. Roentgenograms were 
taken at the completion of the injection and again 
twenty-four hours later. The lymph nodes were best 
seen on twenty-four hour roentgenograms. 

This report presents the results in the lymph- 
angiographic study of 110 patients; 207 extremities 
were injected (174 lower and 33 upper). The lesions 
studied were as follows: carcinoma, 54; lymphoma, 
28; edema, 12; infection, 5$; and miscellaneous, 11. 
Complications were infrequent and not serious. Two 
patients experienced transient lymphangitis. Frank 
wound infection occurred three times. 

In lymphedema, the findings varied from an in- 
crease to an almost complete absence of channels. 
Extensive collateral pathways were demonstrated in 
the presence of obstruction to lymph flow. The 
normal lymph nodes have a homogeneous reticular 
pattern. In lymphadenitis, the lymph nodes are 
larger but normal in architecture; in lymphomas 
they are enlarged, lacy, and ghost-like; in carcinoma 
the lymph nodes have a moth-eaten appearance. 

Lymphangiography can be used to determine the 
general type and extent of disease processes; as a 
guide to lymph node dissection; in radiation therapy 
for accurate portal placement; anc in both radiation 
therapy and chemotherapy to assess the response to 
treatment.—4rio W. Sommer, M.D. 


RADIATION THERAPY 


BUTTENBERG, DIETRICH, ScHONFELDER, RUTH, 
and Stout, PETER. Zur Prognose der Strah- 
lentherapie des Kollumkarzinoms nach der 
“Sensitization Response.” (“Sensitization 
response” in the prognosis of radiation ther- 
apy for carcinoma of the cervix.) StraAlen- 
therapie, Dec., 1960, 773, 538-552. (From: 
Universitats-Frauenklinik, Heidelberg, Ger- 
many.) 


In the vaginal smears of 128 patients with car- 
cinoma of the cervix followed during radiation ther- 
apy, 44 (34-4 per cent) showed distinct "sensitiza- 
tion response" (Graham), and 34 (65.6 per cent) 
showed only slight “sensitization response." From 
two and one-half to five years after therapy, 28 
(63.6 per cent) of the patients who had distinct 
“sensitization response" and §1 (60.7 per cent) of 
those who had had slight “sensitization response" 
were free of signs and symptoms of carcinoma of the 
cervix. 

Because of this insignificant difference between 
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the two groups, tue authors have dismissed "sensi- 
tization sponse” as a valid basis for prognosis of 
the effect veness of radiation therapy for carcinoma 
of the ceix.—Heary G. Moehring, M.D. 





Korine, Haxs-Lornan, and REUTER, ERNST. 
Strahl-nbelastang und Strahlenschutz der 
menscalichen Linse bei therapeutischen Mass- 
nahmes in Augennähe. (Radiation exposure 
and protection of the human lens in therapy 
about zhe eve.) Strahlentherapie, Oct., 1960, 
113, Xj9-311. (From: Institut für Rönt- 
genolog:& und Strahlenkunde der Universitat, 
Jena, &ermanv.) 











On the sasis of measurements in air with various 
eye shields and in both infant and adult sized phan- 
toms, the authors arrived at the following conclu- 
sions in regard to radiation therapy about the eye 
(their speuific concern was treatment of he- 
mangioma:? 

(1) To cer protection of consequence, eye shields 
should fit the bulb and should be made of high lead 
content gies or, better yet, of approximately 2 mm. 
of metallic fead. 

(2) With radium molds applied anteriorly, even 
the best lezd shields which were tested reduced the 
irradiation 2? the lens by only one-third. Eye shields 
failed to pretect the lens from radiation when radium 
molds were applied about the eye other than an- 
teriorly. 

(3) Eye bields can reduce irradiation of the lens 
by about o@e-half when interstitial radium is used, 
particulary when the needles are applied in the lids. 
Much of thes protection results from increasing the 
distance beseen the lens and the radium sources. 

(4) Treatment of hemangiomas in the region of 
the eve with contact roentgen therapy and with the 
eye protectwe! by suitable, effective eye shields ex- 
poses the leas to the least radiation hazard.--/fenry 
G, Moehriag, MD. 



















Pouurr, Woircane. Die Messung der Neutro- 
nenstreu trahlung an einem 35. MeV.Beta- 
tron. (M -asurement of stray neutrons from a 
35 mev. betatren.) Srrahlentherapie, Nov., 
tok, utem PES Max. P zl 
1960, Fre, 469-474. (From: Max-Planck- 
Institut ro Biophysik, Frankfurt/Main, 
Germany. 








The authe> diagrams the levels of slow and fast 
reutron flux around a 35 mev. betatron in a treat- 
ment room. Be measured slow neutrons with indium 
foil and fast aeutrons with indium foil encased in 
paraffin cylawiers of 12 cm. diameter. 

Of the s dary radiations around a betatron 
operating at more than 20 mev., the bremstrahlung 
and neutron gxliation have approximately equal im- 
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port (in the range of mrem per hour) for personnel; 
for the patient, bremstrahlung is more important 
(1-2 per cent of the primary dose}, though neu- 
trons play an equally important role in secondary 
radiation to the eves. Radiation activity produced 
in the ambient air is negligible for both personnel 
and patient; its maximum is 0.01 per cent of the 
primary dose.--Henry G. Moehring, M.D. 


Wesrratt, MicHarr P. Radiation nephritis in 
adults and children; effects of -adiation on 
growing bones. Y. Urol, Apr, 1961, $5, 
476-482. (From: The Veterans Administra- 


tion Hospital, Bronx 68, N. Y.) 


In this article, the author bases his findings and 
recommendations upon a review of 66 cdult patients 
with testicular tumors who were irradiated over the 
renal area and 15 patients in the younger age group 
who were irradiated for Wilms’ tumer. Of the 66 
patients who were irradiated for tumor of the testis, 
23 developed urinary tract signs and symptoms sug- 
gestive of nephritis; of the 15 patients with Wilms' 
tumor, 5 developed albuminuria or casts following 
irradiation of the involved kidney or rena! fossa. 

Two of the children who were irradiated for Wilms' 
tumor showed evidence of interferencs with bone 
growth—hemivertebral atrophy of the lumbar spine 
in 1 and arrested growth of the iliac bone in the other. 

The author includes a historical survey of other 
reports of similar radiation damage. His experience 
is another example of the well-known ‘act that jir- 
radiation will produce damage to normal tissues 
when given in large amounts and over a long enough 
period of time. It is unfortunate that the author does 
not give more specific data regarding the quality and 
quantity of radiation, and the time factors involved 
in the production of the changes which be reports.-— 
George W. Chamberlin, M.D. 


Bavpiscu, EnsERHaRD. Beitrag zu den Strah- 
lenschiden der Rippen und Schlüsselbeine bei 
Brustkrebs-Patienten. (Radiation damage to 
the ribs and clavicles in patients with car- 
cinoma of the breast.) StraAlentherapie, Oct., 
1960, 773, 312-318. (From: Institut. für 
Róntgenologie und Strahlenkunde der Uni- 
versitat, Jena, Germany.) 

Of 36g patients with cancer of the breas: irradiated 
between 1950 and 1955, 4 developed snontaneous 
fractures of the ribs and clavicle attributed to radio- 
necrosis. The author agrees with previcus reports 
that doses of 1,800-4,000 r can produce such spon- 
taneous fractures and that they may appear as early 
as twelve months after irradiation. Clinically, these 
fractures tend to be silent and to be discovered on 
follow-up chest roentgenograms.-—Henry G. Moehr- 
ing, M.D. 
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RADIOISOTOPES 


WarisH, Paut G., Brirron, Amy, VOLPE, 
Rosperr, and Ezrin, Carvin. Experience 
with an £z offro test of thyroid function-—the 
red blood cell uptake of L-tritodothyronine 
labelled with radioactive iodine. Canad. 
M. 4. F., Mar. 25, 1961, $4, 637-641. (From: 
Departments of Medicine and Pathological 
Chemistry of the University of Toronto and 
the Clinical Investigation Units of Sunny- 
brook (D.V.À.) and Toronto General Hos- 
pitals, Toronto, Ontario, Canada.) 


While the technical procedures of this test are di- 
rected at determining the radioactivity of washed 
erythrocytes following incubation with TI?! and 
calculating the percentage uptake, it is felt that the 
test really measures indirectly the ability of certain 
unsaturated plasma proteins to bind added Ty-I", 

In this study, 240 determinations of the R.C.U, 
(red cell uptake) of T;-I!, performed according to 
the method of Hamolsky e/ al., revealed that 89 per 
cent in the euthyroid group were within the range 
of 12.5-18.5 per cent uptake. Fighty-three per cent 
of the hvperthyroid group had greater than 18.5 per 
cent uptake with all the normal R.C.U. values oc- 
curring in the untreated nodular and previously 
treated diffuse thyrotoxic patients. In the hypo- 
thyroid group, 77 per cent had less than 12.5 per cent 
uptake; three quarters of those with normal R.C.U. 
values had recently received thyroid hormone ther- 
apy. For the most accurate and reproducible results, 
the authors recommend that the test be performed 
on the blood within twenty-four hours of sampling 
and that silicone glassware be used throughout. 

The chief advantages of the R.C.U. test over other 
tests of thyroid function are: (1) it is not significantly 
influenced. by iodine contamination; (2) it avoids 
the administration of a radioactive material to the 
patient; (3) it measures another aspect of thyroid 
physiology. 

Clinical factors which reportedly have no signif- 
icant effect on the R.C.U. result are colloid and 
nontoxic nodular goiters, thyroid carcinoma, ex- 
ogenous iodine, anxiety, congestive heart failure 
(without hepatic failure), hypertension, administra- 
tions of mercury, and some endocrinopathies. 

A significant decrease in the R.C.U. has been 
demonstrated during normal pregnancy, functional 
hyperestrogen states, and propylthiouracil or iodine 
therapy for hyperthyroidism. 

A significant increase in the R.C.U. may occur if 
the patient is taking anticoagulants, or is suffering 
from renal disease (especially nephrosis), severe 
liver disease, severe metastatic malignancy, severe 
pulmonary insufficiency, paroxysmal atrial arrhyth- 
mias, or polycythemia rubra vera. 

An addendum to the article reviews a newly pub- 
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lished method of calculating an improved hematocrit 
correction for use in this test. This new method is 
most valuable when the hematocrit is outside the 
30-40 per cent range.— Donald M. Monson, M.D. 


RosgNTHALL, LEoNARD. A rapid screening 
method for 1?! fat-absorption test. Radiology, 
Feb., 1961, 76, 251-254. (Address: Ontario 
Cancer Institute, Princess Margaret. Hos- 
pital, 500 Sherbourne Street, Toronto £, On- 
tario, Canada.) 


The usual method for determining small bowel 
absorbability of an oral test dose of I tagged 
triolein is to take blood samples at three, four, five, 
and six hours after ingestion. The total blood activity 
is then compared with normal values. The author 
states that, with oral doses of about 20 uc, enough 
activity was present at the end of three hours to be 
counted by means of a scintillation detector probe 
placed against the head. A linear relationship was 
found to exist between the number of microcuries in 
the blood and the head counts. The examination is 
terminated in patients having normal head counts at 
the end of three hours, while venipuncture is done as 
usual with those patients whose head counts indicate 
a low activity. 

The author presents details cf his study in de- 
termining normal head counts in 32 patients. After 
three hours the relationship is not accurate, as 
iodine is deposited in the brain. The exact relation- 
ships must be determined by the individual labora- 
tory.—James C. Moore, M.D. 


Wacner, Henry N., Jr, McAree, Joun G., 
and Mozzey, James M. Diagnosis of liver 
disease by radioisotope scanning. 4.14.4. 
Arch. Int. Med., Mar., 1951, 707, 324-334. 
(From: Diagnostic Radioisotope Laboratory, 
Johns Hopkins Hospital, Baltimore, Md.) 





The authors use an automatic photoscanning de- 
vice (which records on x.ray film) to detect and 
evaluate suspected diseases in the upper quadrant 
of the abdomen. The patient is given roo uc of either 
rose bengal or colloidal radioactive gold intrave- 
nously. The scan film is superimposed on an antero- 
posterior supine roentgenogram of the patient's 
abdomen and lower chest. The authors demonstrate 
in 1g different figures how these composite pictures 
can aid in the diagnosis of upper abdominal disease. 

This article also illustrates aow the demonstra- 
tion of filling defects in the liver has aided in the 
diagnosis of pyelogenic abscess of the liver, amebiasis, 
primary and metastatic tumor from the liver, and 
vascular anomalies. The position of the liver has 
helped in the detection of a subphrenic abscess and 
congenital malposition of the liver, and it has served 
to differentiate lower lobe pneumonias from sub- 


Vor. 86, Boo. 4 
phrenic The authors demonstrate how 
thew use this techrique for the differential diagnosis 
of abdominal masses, for differentiation between ob- 
struction and parenchymal liver disease, and for 
preoperative evaluation of patients with suspected 
liver malznancies. In addition, they illustrate the 



















use of this technique in demonstrating Riedel’s lobe 
of the liver, in localizing therapy ports, in evaluating 
the «ffectef chemotherapy on liver metastasis and in 
differentiating between mild and severe infectious 





hepatitis. 
It the "eCessary e juipment is available the tech- 








nu] t and simple; it is easy for the operator 
to [ and for the patient to undergo. The 
lose is less than that from routine roentgen 






radiation i 

s, except in the case of a patient with complete 
xsstruction. Therefore, this procedure is 
another practical and effective aid to the physician 
trvimg to make a definitive diagnosis in suspected 


the uper abdomen. William W. 





Youle, 


disezse oi 


M.D. 


Frost, DagrRICH, and Werkes, Heinz. Uber 
ein neues Verfahren zur Darstellung schwach 


speichernder Gewebe in der Gamma-Szinti- 
graphig. (A new arrangement for gamma- 





scintigraphic delineation of tissues with rela- 
tively iow uptake.) SmraMentherapie, Nov., 
1960, 473, 461-468. (From: Abteilung für 
Smal langsphysik des Stadt. Rudolf-Virchow- 
Krankenhauses Berlin and Entwizklungs- 
abteilung der Dr. H. Stamm K. G., Berlin, 
German v.) 





Sentigmgphic anc photogammagraphic distinction 

^en sormal and abnormal tissues, when the 
ential uptake of radioactive material is slight, 
depends on suppressing background signals (which 
arise from the surrounding "normal" tissues) and 
then improving contrast between the useful signals 
by steepening the differential curve between impulse 
rates frenr the "abnormal" tissue and from its 
edges Aieary G. Moehriug, M.D. 





















Bocasca, U., KAspaver, H., and Kinven, H. 
Exfahrangen mit der Radiogoldspickung der 













Hepopryse bei metastasierenden Neoplas- 
men uazer besonderer Berücksichtigung des 


Mammakarzinoms. (Experiences with radio- 
eding of the hypophysis in metasta- 
plasms with special consideration 
mary carcinoma.) Mauchea. med. 
r., Jan., 1961, 705, 147-150. (From: 
sche dep des Stadt. Kranken- 
München r. Tsar and Srrahlen- 
: Städt. P rae Mün- 
sar, Germany.) 
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Sex hormones influence the growth and function 
of glandular carcinoma, especially of the breast. The 
aim of therapy, therefore, is to eliminate the follicu- 
lar hormone. Administration of male aormones only 
impairs but does not suppress the formation of 
estrogen. Ovariectomy is of temporery benefit be- 
cause the hyperplastic adrenal cortex soon starts 
producing steroids. 

Suppression of the pituitary hormene remains as 
the most effective approach since this zauses atrophy 
of the adrenal cortex and of the ovary. Removal of 
the hypophysis js compatible with life, although 
prolactine and the growth hormone are eliminated. 

Surgical extirpation of the gland is cssociated with 
a high mortality. Electrocoagulation is not reliable 
and roentgen therapy is inadequate. Therefore, the 
application of radioactive isotopes has become the 
method of choice. The authors prefer radiogold to 
the vttrium isotope and injection via z percutaneous 
rather than a transnasal route. To prevent damage 
to the optic nerves and other vital structures, the 
dosage is kept to a minimum of chree seeds of 
Au’ (10 mc each). 

Forty-eight patients were treated ir the past four 
years: 35 cancers of the breast, ro o? the ovary, 2 
of the cervix and 1 of the colon. The results were 
disappointing in tumors of the ovary, uterus, and 
colon. 

Criteria for remission were general improvement 
and regression of metastases for at least one year. 
There were only 2 definite remissions with the dis- 
appearance of metastatic nodes anc filling in of 
osteolytic foci. The 2 cases are illustrated by serial 
roentgenograms taken over a period of several years. 
Two-thirds of the patients improved subjectively 
and one-third was not influenced. 

Spontaneous remissions may occasionally oc- 
cur in similar far advanced cases, but the results in 
the cited 2 patients were so impressive that the 
authors extended the indication for hypophyseal 
sterilization to less advanced cases Thus, they 
hope that their final statistical results will compare 
favorably with those of other investigators. 

There was no primary mortality due to the 
treatment. Transient postoperative headache, which 
was frequently observed, responded to sodium 
chloride infusions and vitamin medication. As to 
side effects, there were single cases of diabetes in- 
sipidus, retrobulbar hematoma, paresis of an oculo- 
motor nerve, and 3 cases with transient fistulae of 
cerebrospinal fluid. 

A special advantage of radiogold seeding is the 
fact that the operation can be repeated if necessary, 
There is no age limit, as proved by 2 patients who 
were seventy-five vears old. The method, however, 
is contraindicated in terminal cases with metastatic 
involvement of the liver, lungs, and Lrain.-Ernest 


Kraft, M.D. 


802 


MiscELLANEOUS 


STEWART, Avice. Aetiology of childhood malig- 
nancies; congenitally determined leukaemias. 
Brit. M. J., Feb. 18, 1961, 7, 452-460. (Ad- 
dress: Dr. Alice Stewart, Reader in Social 
Medicine, Oxford University, Oxford, Eng- 
land.) 


The survey data which first suggested that pre- 
natal roentgen-ray exposure increased the risk of 
childhood malignancies also showed that leukemia is 
exceptionally common among mongoloids (Stewart, 
Webb, Hewitt, 1958) with the implication that for 
some cases of leukemia the decisive event dated back 
to the onset of mongolism. 

'The Rous theory of cocarcinogenesis assumes two 
stages in the development of cancers (Rous and 
Kidd, 1941)—"'initiation" and "promotion." If this 
idea were applied to the concept of gene mutations, 
the sequence of events might be as follows. "Initia- 
tors" cause a mutation within a germinal cell but this 
remains silent until fertilization, when one of four 
things should occur: (1) miscarriage; (2) cancer de- 
velopment iv utero or after birth; (3) development of 
premalignant disease (e.g, intestinal polyposis); or 
(4) a normal phenotype with an abnormal genotype. 

These ideas have been incorporated in the working 
hypothesis for childhood malignancies: 


(1) Malignant diseases are "initiated" by roentgen 
rays and other mutagens before conception 
(prezygotic), during pregnancy (postzygotic) 
or after birth. 

(2) In childhood, the chief promoter is the cell 
stress of embryogenesis; therefore, most can- 
cers and leukemias are prezygotic. 

(3) Atall ages, infection stresses the leukocyte and 
promotes leukemia. Mongoloids have increased 
susceptibility to infection so mongolism in- 
directly promotes leukemia. Because mon- 
golism is inherited, it is more likely to affect 
prezygotic than postzygotic leukemias. 

(4) Prezygotic carcinomas and leukemias favor 
primitive cell types and may have familial 
incidence. Postzygotic carcinomas and leu- 
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kemias favor mature cell types and have no 
familial incidence. 

(5) No normal leukocytes are present in individ- 
uals with prezygotic leukemias, so there is 
exceptionally low resistance to infection. 

(6) Recent increases in childhood leukemias re- 
flect a falling death rate for pneumonias and 
infection and are due to prezvgotic leukemias. 


Two types of childhood leukemia are identified: 
(1) The more common variety of leukemia with 
lymphoblasts or monoblasts is derived from stem and 
blast cells. These cases (most frequently boys 
frequently familial—often mongoloids) are prone to 
infection. It is postulated that prezygotic leukemias 
are due to a gene inheritance which produces pre- 
malignant changes in ancestral cells of the reticulo- 
endothelial system. During embryogenesis further 
changes occur in these abnormal cells leading to 
malignancy. If the abnormal cell survives embryo- 
genesis, it may become malignant under subsequent 
leukocyte stress, such as infection, or remain in- 
definitely in a premalignant stage. (2) In postzygotic 
leukemias, the cells may be myeloblasts, Iympho- 
blasts or stem cells. These cases are not associated 
with mongolism, have no familial incidence, and are 
less susceptible to infection than those in the first 
category. Itis postulated that these leukemias are due 
to changes in premalignant somatic cells. The un- 
affected leukocytes in these children behave normally 
during infection. 

The final conclusion is that the role of leukocytes 
in pyogenic infections and the profound changes 
following the use of antibiotics have led to a dis- 
covery of a leukemia variety in which the first 
event predates conception and produces a pre- 
leukemic gene. The prezygotic leukemias derived 
from these genes are responsible for the early peak 
of leukemia mortality (two to four vears) and have 
their counterpart in other cancers. It is also suggested 
that in any population the numbers of preleukemic 
genes and the number of prezygotic leukemias are to 
a large extent controlled by the prevalence of and 
mortality from pyogenic infections. Bernard Loit- 
man, M.D. 
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Mia you tested 
your gloves recently 4 


NOTE THESE 
DANGER POINTS: 


1—Thumb seam 
2—Base of index finger and middle finger 


Insist upon leaded leather 


Order from your dealer, or 


LIBERTY PROTECTIVE LEATHERS, Inc. 
19-24 Burr Street 
Gloversville, New York 
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CONTROL v 
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For AUTOMATION in 
ANGIOGRAPHY 


Insures Radiation Safety: 


Automatic injection eliminates all radiation hazard 
to your staff. Controlling both injection and expo- 
sure with one button considerably essens the person- 
nel tension often evident in manuol techniques. 


NEW Stainless Steel Syringe: 


A newly designed high pressure stainless steel syringe 
is included with each injector. Extra syringes avail- 
able at $75.00 each. 


Excellent Thrust and Flexibility: 


Using special glass syringes, the injector develops 
440 lbs. hydraulic pressure for catheter angiography. 
(Hydraulic Pressure = applied pressure X power fac- 
tor of 1.76.) The injector control contains a delay 
timer for the adjustment of x-ray exposure to the 
optimal phase of circulation. Other features include 
compactness, light weight (17 lbs), calibration for 
verious standard angiographic techniques, and a 
method of rapid reloading for mult ple injection tech- 
niques. 


Widely Accepted: 


The Model 2 Shipps Automatic ‘njector has been 
well accepted in many leading hespitals throughout 
the country. All parts and workmenship carry a one 
year warranty. 


MEDICAL INSTRUMENTS, INC. 
5315 S.W. Westdale Drive, Portland 1, Oregon 


Please send your information on the Modal 2 Shipps Automatic 
Injector 
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NEW Knowledge - FRESH Procedures 
TESTED Applications For ROENTGENOLOGISTS 


PROTECTION AGAINST RADIATION: A Practical Handbook by John D. Abbatt, J. R. A. 
Lakey and D. J. Mathias. Provides in simplest form the most important information both basic 
and practical, which is necessary for the understanding and intelligent management of the problems 
of protection against ionizing radiations. Pub. June '61, 244 pp., 48 il., $6.50 





THE SPINAL CORD: Basic Aspects and Surgical Considerations (With 11 Contributors) by 
George Austin, Univ. of Oregon Med. School. An authoritative text to bridge the probleme of spinal 
cord surgery and the foundations of spinal cord knowledge contained in the basic sciences. Pub. 
May '61, 548 pp. (7 X 10), 488 il., $26.50 





THE PHYSICS OF RADIOLOGY (2nd Ed.) by Harold Elford Johns, Univ. of Toronto. A new 
title... . in fact, almost a new book! Expanded to twice the length of the First Edition of “The 
Physics of Radiation Therapy." Includes chapters on diagnostic radiology, isotopes, protection, radio- 
biology, and rotation therapy. Pub. March '61, 788 pp. (7 x 10), 469 il. (Amer. Lec. Radiation 
Therapy), $23.00 





RADIOPAQUE DIAGNOSTIC AGENTS by Peter K. Knoefel, Univ. Louisville. Presents both 
critica] comparative examination of compounds and absolute evaluation of diagnostic procedures. 
Much of the information presented here originated in the author's laboratory and is not published 
elsewhere. Pub. Jan. '61, 168 pp., 24 il. ( Amer. Lec. Pharmacology), $6.75 


THE USE OF ISOTOPES IN HAEMATOLOGY by L. G. Lajtha. There is perhaps no other 
branch of clinical medicine where the use of radioactive isotopes has such manifold application as 
jn haematology. Dr. Lajtha's monograph is a concise guide which all physicians will find of value 
in consolidating their knowledge of an important subject. Pub. June '61, 98 pp., 43 il., 3 tables, $4.75 


CANCER OF THE NASOPHARYNX: Its Natural History and Treatment by M. Lederman, 
Royal Marsden Hosp. Dr. Lederman's observations and conclusions are based on first-hand experi- 
ence in the study and treatment of a series of 248 patients having cancer of the nasopharynx. There 
is a detailed account of principles underlying radiotherapeutic treatment and techniques. Pub. May 
'61, 128 pp., 109 il. (Amer. Lec. Radiation Therapy), $6.75. ` E 





RADIOACTIVITY IN MAN: Whole Body Counting and Effects of Internal Gamma Hay- 
emitting Radioisotopes. A Symposium held at the Vanderbilt University School of Medicine. 
Edited by George R. Meneely. Takes into consideration implications of the radiological, medical, 
sociological, and legal problems arising from small and increasing burdens of radioactivity in human 
beings. Pub. April '61, 512 pp., 170 il., $16.50 
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301.327 East Lawrence Avenue ° Springfield * Illinois 








93 YEARS of integrity have helped us 
to become America's largest buyers of 


USED X-RAY FILM 


* We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


€ We remit in advance if desired, or promptly after receipt 


and tally of the value. 


€ Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 











HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


5 CONFARTMENT SIZE—DIVIDERS 14 x 17 
3 COMPARTMENT SIZE—DIVIDERS 14 x I7 


6 MAT TMENT SIZE FOR MEDICAL RECORDS 
2 x 


$112.70 


APPRO"AL GUARANTEED—F.O.B. 


HANLEY MEDICAL EQUIPMENT CC. 
5614 So.th Grand X-Ray Division St. Louis Il, Mo. 


FACTORY—CATALOGUE 





FREE CATALOG 


For ta» right help in the right places, check the 
Thoma: catalog. Representing the finest minds in 
the profession . . . covering the broad spectrum of 
modern medicine. See for yourself! Send for our new 
1961-62 catalog of over 1500 medical and scientific 


books. 
° 
CHARLES C THOMAS * PUBLISHER 


301-327 East Lawrence Avenue 
Springfield © Illinois 
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Quickly check and adjust fractional second timers 
with new Continental Impulse Reeorder. Direct 
writing. No film to develop. Makes “spinning top” 


obsolete. LOW COST z 


Oniy € 4 00 

Continental X-Ray Corporation. wey KA 

CONTINENTAL X-RAY CORP. | 
1536 Clybourn, Chicago 10, III. 
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iJ! | Recorders at $15.00 each. 
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Impulse 














| NAME. _ E 
1o i ADDRESS. 
pee Is S STA — — — 1 


INDEX TO ADVERTISERS 


Ansco (A Division of the General Aniline & Film Corporation) ........ 5. vii, xxii 








Atomic Accessories 2... 0c cc cece hme ehe temere XXXIX 
Atomic Energy of Canada Ltd. isses tete xiv 
Barnes-Hind Barium Products 2... NN 
3ell-Craig, IME y ec cee ce enn e Heer xxviit 
British Institute of Radiology ......eeeeseeeee tn xxxviii 
Campbell X-Ray Corp... 2.00. cece e) e] emet XXXIX 
Continental X-Ray Corp. ........ penus eite Ner Er ak NNT 
Dunlee Corporation 2.0... 6 0.0 e] me eee emen Vill 
Eastman Kodak Company ........06 000.0 cee tee ere n n XXXV, XXXVI 
Oscar Fisher Company ...isiie ener enn xxi 
Fougera, E., & Company, Inc. «icis XV, XXX, XXXI 
General Electric Company .......sseeeseeee eee XXIV, XXV, xxvi, xxvii 
Hanley Medical Equipment Co. 0.00... cece nne re xliii 
High Voltage Engineering Corp. «eiii Third cover 
Hunt, Philip A., Company 2.200.060.0000 e eere enn ix 
Ilford, Inc. itu ethece Ens es daos hs eae uis Oe Rasen ts too eno Rire EMI 
Karger, S xal iw E AOE pud baeo toes EE Rabat ees xl 
Keleket X Ray Corporal On Taine) erue ee ce Hr Ee ON Wed eas Bed Bees uen Pa xvi 
Knight, H. W.-& Son, Ine. «oceeyeckesue re ERE HAE ERU Sis e cox e ea Gey gà xli 
Lafayette Pharmacal sei gu eck Vr ead de sao er RS Rd oreet I Un ete RENS 
Liberty Protective Leathers, [nec acacia. exe dex terre eis epu rd ke ae xli 
Low X-Ray Corporation MONDE c Rc 
Mallinckrodt Chemical Works .......00 00.00 cece eee X, XI 
McElroy, Donald, Ine: Cercvevesedect estqui verse poti Erde ce eras Siei MUM 
Medical Instruments, Puer Dias hi res ta dede AP NEN AR Cp E C Rus xii 
Micro X-Ray Recorder ... 0.6.0 cece menn XXXIX 
Mullard Equipment Limited .... csse I vi 
Picker X-Ray Corporation .«..ccssseeeeee eee eene XIX, Fourth cover 
Profexray, Ine. ...sesseseeeeeess eee] meme heme i 
Plenunp Press cuozazuaeeeuec aea eub E a EES bad cea ew on en ea iE xxxvii 
Siemens New-York excute RI RUD e Ries ae hee edP de Bes xxiii 
S N Grke Loses ba na ee erroe e hesari oraa se ee, DECON COVEE 
Squibb, E. Re SON SA as Slice un re aie P Reed Rer are ds eon ed v, xxxiii, xlvi 
Standard X Cay COmpatiy. iu te ten See epic es eate E EE Sor de eR dee xlv 
Thomas, Charles C, Publisher... .xxxii, xli, xlii 


Westinghouse Electric Comp 
W inthrop Laboratories: g aeien O a ENE ER ve eee Pa Lg OEE em eS : 





We try to present an accurate index. Occassionally this may not 


be possible because of a last minute change or an omission. 


+o meet the need of high KV radiography 
HR-300 X-RAY MACHINE 





a pet 


Ideally suited for use in hospitals of all sizes, as a combina- 
tion Radiographic and Fluoroscopic machine, for Radio- 
g met work only, or for Operating and Urological room 

. Also meets the requirements of the X-Ray Dept. of 
c inics, and for private office use. 


YOUR CHOICE OF 3 TYPES OF CONTROLS, GENERATORS: 

e for operating a Radiographic and Fluoroscopic Tube 
e for operating two Radiographic tubes 

e for operating a single Radiographic tube 


“@eeesece- 


PRY ara 


KOVO -MAJOR - UNE VOLTS ADJUST 


THE CONTROL: 
Modern design with large meters at eye level... . easy to read scales. 


Stabilizers and Compensators automatically adjust for any KV and 
MA selection. 


Push-Button Capacity Selector Controls provide 8 positions covering CUSTOM MADE TO 


fluoroscopy and a wide range of radiographic MA selections. 
Choice of 3 Electronic Timers: 1/30—1/60 and 1/120 second YOUR REQUIREMENTS 


Hinged Panels open from front for easy cleaning, adjustment, The HR-300 Control contains all necessary 
servicing components for safe, efficient operation. 


THE GENERATOR: 

Full wave rectified with a large factor of safety. 

Four thoriated filament valve tubes. 

Shockproof cable sockets are the approved Federal standard type. 





Optional features to meet your individual 
and particular requirements are available, 
so you pay for only the things you need 
and want. 





*See your Standard Dealer 
or wrte for Descriptive 
Literature 


Gtondord X-RAY COMPANY 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 
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Retrograde pyelography 
"without serious reactions”! 


Unlike other retrograde contrast 
media, which produce a high 
reaction rate (25-35%),! side 
effects are negligible with 
Retrografin—a unique agent that 
combines Renografin with neo- 
mycin, bactericidal agent of 
choice for addition to urographic 
media. Efficacy and virtual ab- 
sence of side effects have been 
amply confirmed in three 
reports covering a total of 340 
patients, ?* 


Clinicians are impressed by the 
diagnostic quality of films taken 
after Retrografin; well-defined 
radiographs, uniformly excellent 
in detail, have been consistently 
obtained.^? Retrografin permits 
retrograde pyelography in pa- 
tients with a known or suspected 
active urinary infection. More- 
over, with Retrografin, new in- 
fection or spread of established 
infection does not occur.^?* 


ratin 


Squibb Diatrizoate Methylglucamine 
Injection U.S.P. with Neomycin Sulfate U.S.P. 








Ketrog 


Supply: Retrografin is supplied in 25 cc. and 50 cc. vials containing Renografin 30% with 2%% Neo- 
mycin as the sulfate. Also available: Renografin-30 in vials of 50 cc. 


For full information, see your Squibb Product Reference. 


“RETROGRAFIN’@ AND ‘RENOGRAFIN’® ARE SQUIBB TRADEMARKS. 


References: (1) Brimberg, J.; Berlowitz, H. D.: Schwinger, H. N.; 
Renner, M. J.; Lopyan, M.; and Beilouny, R.: New York State J. 
Med. 59:2186 (June 1) 1959. (2) Roth, R. B.; Kaminsky, A. F.; and A RA 
Hess, E.: J. Urol. 74:563 (Oct.) 1955. (3) Bloom, J., and Richard- SQUIBB RE 
son, J. F.: J. Urol. 81:332 (Feb.) 1959. (4) Samellas, W.; Biel, L., [uy 
Jr.; and Draper, J. W.: New York State J. Med. 59:2570 (July 1) 1959. - 
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WOLF VIN-TEX* APRONS 


make all other protection old fashioned 


Now . . . an exciting, new vinyl-and-lead material from Wolf X-Ray for protective 
aprons e more flexible e lighter in weight e drapes readily e more comfortable to wear. 
New Wolf viN-TEX aprons look and stay cleaner e won’t stain or fade. The clear, bright 
color is locked into the tough vinyl. Disinfectants won’t harm it. New Wolf viN-TEX 
wipes clean in a jiffy. It lasts much longer than other protective materials yet costs you 
no more. VIN-TEX meets or exceeds Federal Specifications for protection from X-Ray 
radiation and offers advantages not available in any other protective material Ask 
your dealer for the new Wolf viN-rEXx aprons or write today for Bulletin VT-3 
describing this exciting material. 


eee World’s most complete line of X-ray protective products 


Wf E WOLF X-RAY PRODUCTS, INC. 

: à 

N y / 93 Underhill Avenue, Brooklyn 38, N. Y. 

Mur Branch Office: 1909 W. 9th St., Los Angeles, Calif * Trademark 


Elema-Schonander 


floor-to-ceiling 
installation 


04 floor model 


DISTRIBUTORS FOR THE UNITED STATES: 


SCHICK X-RAY COMPANY, Inc. 


444 North Lake Shore Drive, Chicago 11, Illinois 
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Gamma Spectrometer — 


luxury features in a compact, economy package 


Model 8250 Spectrometer incorporating the 
All-Electronic Scaler Model 135, the Model 
250 Amplifier-Analyzer and Model F-8 Fan 


Filter Assembly. 


Baird-Atomic announces the new Model 
8250 single channel Spectrometer which 
can be quickly and easily calibrated in 
energy units (Mev) for any energy range 
from X-rays to cosmic rays. Spectra can 
be positioned as desired by the high volt- 
age and the gain controls. Any degree of 
differential operation (relative window 
width) or integral operation may be 
obtained. 

The Model 8250 is a combination of two 
instruments just added to the Baird- 
Atomic line. They are the Model 250 Am- 
plifier-Analyzer and a new all-electronic 
Model 135 Scaler. The Scaler, which com- 
bines a 5 decade, 5 micro-second scaler 
and an electronic timer on one chassis, 
is excellent for both general lab counting 


work and for use with the most sophisti- 
cated automatiosamplechanging systems. 

Write today for details on these instru- 
ments and their system combinations. 

Offices in Cambridge - New York - Phil- 
adelphia - Detroit - Cleveland - Wash- 
ington, D. C. + Atlanta * Dallas * Chicago » 
Los Angeles - San Francisco + Ottawa, 
Canada. 


Engineers and scientists: Investigate 
challenging opportunities with B/A. 
Write Industrial Relations Director. All 
qualified applicants will receive consid- 
eration for employment without regard 
to race, creed, color or national origin. 


BAIRD -.ATOM/C, /NC. 


33 university road - cambridge 38 mass. 
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Why you should 





Processor Model M4. 





The Moce! M4 X-Omat Processor 
needs les. than half the floor area 
covered by a hospital bed. 


Here are ome of the benefits you'll 
have when the Kodak X-Omat 
Processing System goes to work. 


Heritage. For more than 5 years, 
Kodak 2.-Omat Processors have 
been in action every day. More 
than 70C units are now in use in 
hospitale, clinics, and private 
offices in this country and abroad. 
They've processed more than 
110,000,* 00 radiographs. Today's 
Model M4 X-Omat Processor is 
the procuct of that experience. 
And—it's a smaller unit at a lower price. 


Reliability. The X-Omat system 
is the combined result of Kodak 
film-making knowledge and com- 
petence, chemical research, engi- 
neering skill. Kodak X-Omat 
Processcrs are made by people 
who know the importance of the 
product they are producing. 
There is Kodak dependability in 
every unt. 


Materials. Many materials make 
up the parts and components of a 
Kodak X-Omat Processor. Not 
one is there by chance; each one 
is there because it's the best one 
for its purpose that we know of. 


Service. At the Kodak X-Omat 
Center there is a group of special- 
ists whose sole concern is with 
Kodak X-Omat Processors—every 
model, everywhere. Kodak 
X-Omat Technical Representa- 
tives check periodically with all 
X-Omat Processor owners and 
dealers. 


When an improvement is made, 
the word goes out to Kodak 
X-Omat dealers and users— with 
full details on how to put it to use. 
At the Kodak X-Omat Center 
there's a training school for dealers 
—how to install and service 
X-Omat Processors. You can 
depend on these dealers for parts, 
and service “know how." And, at 
the Kodak X-Omat Center, there's 
a school for technicians—how to 
operate and how to care for 


the equipment. 
* * * 


To get the best possible radiograph 
on the view box in the fastest time, 
you need the Kodak X-Omat 
Processor, Model M4. Further- 
more, the installation of an addi- 
tional M4 unit near a "special 
procedures" room or gastroin- 


testinal suite can increase over-all 
departmental efficiency. 


To provide the same high-speed, 
dependable service for Emergency 
... Surgery... Neurology... 
Orthopedics, adcitional M4 units 
are the answer. 

Important Note—The Kodak 
X-Omat Processer, Model M4, is 
really compact. It needs less than 
half the floor space required by a 
hospital bed ! 
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Except for the film-feeding station 
in the darkroom, the rest of the unit 
—only 34 inches .n length—is in a 
lighted area. 


For more information, please consult 
your Kodak X-Omet Processor dealer, 
or write 

EASTMAN KODAK 
COMPANY 

X-Omat Center, A 
Rochester 4, N.Y. P 













NEW AND OUTSTANDING 





BOOKS FOR ROENTGENOLOGISTS 


RADIOGRAPHY OF INFANTS AND CHILDREN. By Donald B. Darling, Unio. of Pittsburgh, ‘With 
the Technical Assistance of James M. Anthony, Children’s Hosp. of Pittsburgh, With the increasing 
use of x-ray procedures in the pediatric age group and the rising emphasis on hazards of radiation 
to the general population, it is important to make use of pediatric x-ray techniques in which o 

the patient is exposed during examination and in which this exposure is minimal THE TEC 

NIQUES SET FORTH IN THIS BOOK.ANSWER BOTH OF THESE REQUIREMENTS. The 
main section of the text is divided into separate discussions on the infant and older child since 
the techniques used differ considerably. A separate chapter is devoted to the equipment needed 
and its.general application. The more specific use of the equipment is indicated under each. indi- 
vidual examination. A detailed discussion of radiation protection is presented in Chapter 2. A sum: 
muy of pe exposure factors is given in the appendix. Pub. Jan. '62 (Amer. Lec. Roentgen 

gnosis 


UNIT-STEP RADIOGRAPHY: Simplification of Medical Radiography Through Manual and Automatk Use 
of an Exposure Value Scale (XVS) System and Standardization. By Gerhart S. Schwarz, Columbia 
Univ. The author has developed a system of unit exposures which greatly simplifies the setting of 
correct exposure factors in medical radiography. Not only is the finding and choice of the correct 
exposure setting—long the bane of radiologists and x-ray technicians—made easier and more 
definitive through this system, but the actual setting of the controls of the x-ray machine is facili- 

tated and made. LESS SUBJECT TO ERRORS. Dr. Schwarz describes this system and gives op- 

erating instructions which will enable anyone to use it on CONVENTIONAL X-RAY APPARATUS. 

A part of the book deals with utilization of this system in NEW: EQUIPMENT and will be of 
particular interest to manufacturers and designers of x-ray apparatus and to engineers who service 
or build such equipment. A timely chapter on STANDARDIZATION contains proposed ASA. 
standards and discusses the additional benefits which would be derived from sesdaxdigug the 
unit system. Pub. Oct. '61, 240 pp., 44 il., $8. 75. 


AN ATLAS OF DETAILED NORMAL PNEUMOENCEPHALOGRAPHIC ANATOMY. By Giovanni Di Chiro, 
National Institute of .Health, Bethesda, Maryland. For use in everyday diagnostic work—a detailed 
roentgenographic demonstration “in vivo" of intracranial structures. A ihree-dimensional concept of 
various anatomic formations is attained by their demonstration in lateral and sagittal roentgeno- 
grams. Lateral and coronal laminagrams, including laminagrams of the cerebrospinal fluid cavities 
of the posterior fossa, are illustrated. A new technique of laminagraphy combined with fractional 
encephalography, already tested in a large group of patients, is discussed. Emphasis is placed on 
demonstration of structures with less well known pneumoencephalographic appearance. Some 
structures are demonstrated roentgenographically “in vivo” for the first ame. ABOUT 300 REPRO- 
DUCTIONS OF THE SAME SIZE AS THE ORIGINAL ENCEPHALOGRAMS AND AN ALMOST 
EQUAL NUMBER OF EXPLANATORY SKETCHES ARE INCLUDED. Pub. Aug. '61, 352 pp. 
(11 X 816), 515 il. (4 in full color), $19.00. 


THE ROENTGENOLOGICAL ASPECT OF NONPENETRATING CHEST INJURIES. By John Hiley Williams 
and Frederick J. Bonte, both of Univ. of Texas Southwestern Med. School. The term "nonpene- 
trating chest injury" as used here refers to injury which has occurred without a break in the skin. 
In this day of automobile accident injuries it is noteworthy that injury to the thorax and spine 
actually causes more dangerous and fatal lesions than do head injuries. Until now there has been 
very little written on the pathological and radiological correlation of these abnormalities nor on 
the anticipated time of appearance and resolution of the various lesions which can be seen roent- 
genographically. The authors direct attention to the fact that recovery from nonpenetrating injury 
is a, dynamic process which occurs over a lengthy period of time. They SHOW HOW by proper 
utilization of serial roentgenological study and a knowledge of early and late radiographic findings, 
better treatment can be afforded the injured patient. Pub. Oct. '61. 
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brain tumors 


thyroid liver 


cardiac blood pool 


spleen kidneys 


with this advanced 
photorecording scanning system 


Picker Nuclear can help you picture the above-listed 
physiological entities with improved fidelity by means of a 
unique photorecording system incorporated in the Picker 
Magnascanner. Its variable contrast enhancement can spread 
a small difference in counting rate over the full density 
range of photographic film for expanded display of slight 
activity differences (e.g. “hot” or “cold” islands in warm 
areas). The system will accept photographic films up to 


14" x 17", permitting complete mapping of a large organ 
like the liver. 


In addition to photorecording the Magnascanner provides con- 
ventional dot scanograms. Progress of the scan is always in full 
view: offering opportunity for adjusting variables (e.g. dot 
factor, travel speed, line spacing, background cut-off) to the 
demands of s»ecial areas as they appear during the run. In com- 
bination, these two techniques bring a new order of resolution 
to the mapping of radioactivity lodged in body organs. 





The Magnascanner is one of the comprehensive 
Picker line of nuclear instrumentation and 
supplies: all marketed and serviced through 
a national network of company offices staffed 
by trained Picker people. (Picker alore in the 
nuclear field ofers this caliber of local service). 

For details call your district office (see *phone 
book) or write Picker X-Ray Corporaticn, 


9 


25 Seuth Broadway, White Plains, New York. 


e» 





Here's the Picker Magnascanner being readied for a 
thyroid scan. The heavily shielaed probe and com- 
panion precision instrumentation are mounted on a 
freely maneuverable mobile carriage. 





SAVE ON SOLUTIONS 
with G-E Supermix” MED! 


Proved in x-ray departments coast to coast: 
General Electric Supermix MED for roller- 
automatic film processors provides maxi- 
mum image density, broadens contrast scale 
of radiographs . . . yet can save up to 30% 
in developing costs, compared to competi- 
tive chemicals! Used with its companion 
Supermix Fixer, MED yields fully devel- 


oped films with exceptionally low fog level, 
facilitates excellent chemical washout, and 
provides a high potential for silver reclama- 
tion. Available now, in convenient 5-gallon 
Cubitainers. Get full details from your G-E 
x-ray representative, or write us for facts at 
X-Ray Department, General Electric Co., 
Milwaukee 1, Wis., Room A-116. 





Progress [s Our Most Important Product 


GENERAL CD) ELECTRIC 


SAVE TIME AND TROUBLE 
with G-E “One-stop Service” 


One call does ell: brings fast delivery of 
x-ray chemicals, films and other supplies . . . 
or service when needed (even for today's 
complicated rcler-automatic film process- 
ors), G-E x-ray servicemen are Company 
trained, using al. types of equipment. Know 
it inside and cut. Extra reassurance at 
no added cost, plus “one-stop shopping" 


convenience for all your supply-and-service 
needs — also technical literature, informa- 
tion and assistance from highly skilled G-E 
specialists — readily available through 68 
strategically located offices. You'll find the 
number of our office nearest you listed in the 
Yellow Pages of your phone book. We're 
never farther away than a phone call! 


Westinghouse 


You are cordially invited to 
see a new concept in versatility 
and flexibility by Westinghouse 
the new 
MONTEREY 
radiographic-fluoroscopic 
table during the Radiological 
Society of North America meeting 


November 26-December 1, 1961 


Exhibition Hall Palmer House, 
Booths 1-5 Chicago, Illinois 





THE AMERICAN JOURNAL 


OF ROENTGENOLOG 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 





'OVEMBER, 1961 








INTEGRATED RADIOLOGY* 
PRESIDENT'S ADDRESS 


By TRAIAN LEUCUTIA, M.D. 
DETROIT, MICHIGAN 


T IS with a sense of great humility that 

at this, the Sixty-second Annual Meet- 
ing, I assume the Presidency of the Ameri- 
can Roentgen Ray Society. To be elected 
President of the oldest radiologic organiza- 
tion m America is a coveted distinction far 
beyond my desert and I should like first of 
all to express my profound gratitude for the 
honor bestowed upon me. My arcent hope 
is thas I may prove worthy of the con- 
fidence placed in me and that I may be able 
to serve vou conscientiously in the tradition 
established by a long array of illustrious 
and so laudably exemplified 
Reineke, my immediate predecessor. 

Dr. Reineke, in his scholarly dissertation 
of las: year, called attention to certain 
“trencs and attitudes” in radiologic prac- 
tice, which have developed during recent 
vears and he admonished all of us not to 












sail cur bark of ambition into the "trade 
winds” which may lead us onto the shoals 
of illusion and into the banks of disappoint- 






ment, but rather we should steer into the 
quiet eaves of refuge where we might medi- 





y, Sog 





* Free 


tate and consider the present and future 
direction of our voyage. 

While Dr. Reineke spoke cn the impor- 
tant aspect of the over-all practice of radi- 
ology and the ethics involved. of equal im- 
portance are the trends and attitudes in 
regard to future organizational set-ups of 
radiology in our country. With this view 
in mind I have chosen as a topic of my In- 
augural Address “Integrated Radiology.” I 
have chosen this topic for two reasons. 
First, the discovery of man-made radiations 
in 1895 by Röntgen, soon fol owed by the 
discovery of earthborn natural radiations 
and later by the development of artificially 
produced radiations, has resulted in the 
short span of 65 years in such amazingly 
rapid progress and vast expansion of the 
medical utilization of these radiations that, 
although Radiology was recognized early 
as a Specialty, certain trends were noted 
and attitudes expounded to divide this 
Specialty into three major disciplines, in- 
dependent from each other, and more re- 
cently some consideration is being given to 
even further division into various sub- 
specialties. Secondly, our Society, histori- 
cally, reflects better than any other radio- 


the Department of Radiology, Harper Hospital, and Wayne State University, Detroit Michigan. Presented at the 
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logic organization the chronologic sequence 
of these trends and through its official 
JovRNaL has realistically expressed their 
impact on the Specialty as a whole, by 
scrupulouslv guarding at the same time the 
principle of Integrated Radiologv. 

The early workers, among which were 
many members of this Society, by courage, 
determined efforts and unrelenting per- 
severance overcame the many adversities 
particularly inherent in the medical appli- 
cation of such lethal agents as the roentgen 
rays and radium. Manv successes were 
achieved, and to quote Sir Thurston Hol- 
land? "If it was at the time a bit of a night- 
mare...one has forgotten the failures, 
but has not forgotten the successes." 

A perusal of the American X-Ray Journal 
and the Transactions of the American Roent- 
gen Ray Society published in those early 
days reveals that almost everything in our 
present day practice of radiology had been 
conceived and to some degree elaborated 
before 1g06. The position of roentgenology 
as a separate “Department of Medical 
Science” was clearly recognized and Dr. 
Hickey in 1906 wrote in the first editorial 
of THE AMERICAN QUARTERLY OF RoENT- 
GENOLOGY?: “The roentgenologist should 
maintain always the position of consultant, 
who gives diagnostic conclusions based 
upon special lines of investigation. In re- 
gard to treatment, he should not allow him- 
self to be dictated to either as to the num- 
ber or character of his treatments.” 

After this first heroic decade progress has 
occurred at a swift pace. It soon became 
evident, however, that the tremendous ac- 
cumulation of radiologic knowledge could 
not be stored in one single mind and that 
the ever-broadening scope of this knowl- 
edge in the medical field could be better 
achieved by devoting special attention to a 
branch of knowledge for which a person is 
distinguished. Thus the idea of a specialist 


tpnunsras Hontasp, C. X-rays in 1896. Brit, 7. Radiel, 
1938, 77, 1-24. 

3 Hickey, P. M. Editorial. Am. Quart. Roex 
1. Republished in: Aw. J. RogNroENoL, Rap. 
NvcygAR MED, 1956, 75, 2. 
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within the specialty originated and since 
the 1920’s radiology has been practiced 
more and more in the form of two distinct 
disciplines: Diagnostic Roentgenology and 
Therapeutic Radiology. Diagnostic Roent- 
genology fully emerged from its position of a 
“unicellular plant" in some obscure base- 
ment room and in the words of Dr. 
Revnolds* "stands at the crossroads of the 
corridors of the hospital forming the kev- 
point from which knowledge is dissemi- 
nated in manv directions to tne benefit of 
the patient and to the advance of medical 
progress." Therapeutic Radiology, encom- 
passing the use of the roentgen ravs and the 
radiations of some members of the earth- 
born radioactive families, in particular for 
treatment of cancer, likewise gradually 
grew, after many initial difficulties, into an 
extremely valuable force of medical science. 
In our countrv, the two Disciplines, ex- 
cepting in some of the large institutes, were 
never completely separated from each 
other, although trends toward separation 
were noted from time to time. 

Then new trends developed within both 
major Disciplines. The notable progress 
made in all phases of medicine has brought 
with it a greater concentration on the study 
and treatment of certain individual organs 
and systems of the human body, resulting 
in the creation of various subspecialties in 
several Disciplines other than. Radiology. 
This new development often made it neces- 
sary for the radiologist to apply his broad 
fundamental knowledge and the technical 
methods he already acquired to specific, 
more limited, fields in an endeavor to be- 
come more proficient in the diagnosis, and, 
at times, treatment of the disease of that or- 
gan or system. The eagerness in accomp- 
lishing this important task sometimes 
transcended into a trend toward complete 
separation from the main Discipline. Sos- 
man, as early as 1940, sounded a word of 
warning against such a trend. "And I mav 

$ Revxorbs, L. Role of radiology today, its responsibility and 
its import upon our life. Am. J. Rokeyrocsor. & Rao. THERAPY, 


1948, 60, 4437447. UA A 
3 Sosmax, C. M. Specialization within roentgenology. Aw. J. 
Roentcenon. & Rap. THERAPY, 1949, 44, 6457648. 
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warn them for vou" said Dr. Sosman "that 
they raust at the same time maintain con- 
tact and continue their cooperation with 
other work in Radiology, lest they become 
one of those uitra-specialists who digs him- 
self deeper and deeper into his narrow pit 
until ae thinks the rim of his hole is the 
horizoa of knowledge." 

The concentration on the study and 
treatment of certain individual organs or 
systers has drought with it even more 
definite trends in the realm of Therapeutic 
Radiosgv. 
radiura or radon as operative procedures 
on an empirical basis by nonradiologists 
has been continued in many places, even 
after 2 Radiology has become a 
The great progress made in 
Nou ng accurate dosimetry, in general, 
has been slowed down rather significantly 
through the difficulty of estimating dosages 
with sach procedures and trying to inte- 
grate hem in the over-all plan of irradia- 
tion, althouga endeavors to correct the 
situacion are being made. The introduction 
or rey val of very radical surgical proced- 
ures ‘or the treatment of cancers of certain 
region. and the division into subspecialties 
for th« performance of the procedures in 
s regions have created radiotherapeutic 
problems which could have disastrous re- 
sults, unless there is the closest cooperation 
and uaderstanding between members of 
the various Disciplines participating in the 
treatment. 

The dramatic events of World War H 
have z ven a tremendous impetus to a third 
major Discipline of Radiology which now is 
callec Niredeat Medicine. Since the start of 
the geaeral distribution of radioactive iso- 
topes of nearly all the elements by the 
Atomie Energy Commission in 1946, this 
Disci» ine has reached unexpected propor- 
tions. At the present time, radioactive iso- 
topes cre being employed both i in the diag- 
nostic and therapeutic fields. 

In tae diagrostic field these are utilized 
for uptake studies; dilution techniques; 
flow or diffusion tests, mostly in conjunc- 
tion wath the cardiovascular s¥stem; mani- 
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fold biochemical and metabolic procedures; 
and various scanning procedures. Manv of 
them form an indispensable pert of the rou- 
tine roentgenologic examination so that, i 
order to emphasize their great clinical sig- 
nificance, the name of Diagnostic Roent- 
genology has been changed to that of Diag- 
nostic Radiology . 

In the therapeutic field, for obvious 
reasons, the application has followed verv 
much the pattern established on the basis 
of clinical experience gained with the use of 
earthborn natural radioactive substances, 
but the greatest progress has been made in 
the use of certain isotopes, as for example, 
cobalt 60, cesium 137 and irdium 192 as 
sources for external gamma-beam telether- 
apy. Moreover, due to the fact that manv 
of the radioactive isotopes, unlike radium 
or radon, can also be emploved in solution 
or with appropriate liquid vehicles, con- 
siderable expansion of the use of local tis- 
sue irradiation, especially in intracavitarv 
and interstitial applications, has resulted. 
In addition, a new form cf treatment, 
the so-called internal irradiation with radio- 
active isotopes, has been made possible. 

Clearly, all three major Disciplines: Di- 
agnostic Radiology, Therapeutic Radiology 
and Nuclear Medicine, have become impor- 
tant and inseparable parts of the Specialty 
of Radiology. Within these three major 
Disciplines, subspecialties mas at times be 
necessary or advantageous. On the diag- 
nostic side, one may enumerate the cardio- 

vascular, neurologic, pediatric, urologic, 
orthopedic, gastrointestinal and other 
branches, especially in view of the amazing 
advance in the utilization o? the special 
procedures. On the therapeutic side, one 
may include the regional therapeutic 
branches, as, for instance, the head and 
neck; gynecologic organs; breast; genito- 
urinary system; lymphomas, in which 
chemotherapy singly or in combination 
with radiation therapy is still in an experi- 
mental stage; and others. Nuclear Medi- 
cine is divided and is an inte gral part of 
both the branches of Diagnostic and Thera- 
peutic Radiology. 
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This principle of an Integrated Radi- 
ology, with its three major Disciplines and 
various subspecialties is amply reflected 
in the history of the official organ of our 
Society. After its organization in 1900, the 
proceedings of the Annual Meetings of the 
Society were published in the form of 
"Transactions." By 1906, however, follow- 
ing the overwhelming abundance of ex- 
citement and thrills of the first decade, 
leaving us a great heritage of triumph over 
nearly insurmountable difficulties, the So- 
ciety has acquired such stature in the med- 
ical world that it was deemed appropriate 
to establish an official Journal. It was pub- 
lished first as a quarterly under the title of 
“THe AMERICAN QUARTERLY OF RokENT- 
GENOLOGY," but its scope increased so 
rapidly that in 1913 it was changed to a 
monthly publication with the name of 
“THe AMERICAN JOURNAL or ROENTGEN- 
OLOGY.” 

Interest in therapy, with both roentgen 
rays and radium, was already considerable 
at this time and many articles on this sub- 
ject were published in the Journat, Then 
in tg16 the American Radium Society was 
founded mainly with the purpose "to pro- 
mote the scientific study of radium and 
other sources of ionizing radiation in rela- 
tion to their physical properties and their 
therapeutic application." In 1922, the offi- 
cial JournaL of our Society was also made 
the official Journan of the American Ra- 
dium Society and in 1923 its title was 
changed to that of “THe American JOUR- 
nat or Roenrcrnotocy & RADIUM 
THERAPY.” 

One decade ago, at its Annual Meeting 
in Washington, D.C., in 1951, the Amer- 
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ican Roentgen Ray Society “recognizing 
the importance of radioisotopes and the 
rapidity with which they have been em- 
ployed within recent years, not only in di- 
agnostic procedures but also as therapeutic 
agents" decided to incorporate in the title 
of the Journat an additional term which 
“would connote the JouRNAL’s interest in 
atomic medicine." Since then the new title 
has been “THe AMERICAN JOURNAL OF 
RogentcenoLocy, Rapium THERAPY X 
NUCLEAR MEDICINE.” 

Since 1956, with the celebration of its 
Golden Anniversary, the Jourxar has 
adopted the policy of grouping together 
articles pertaining to a certain subspecialty 
of Radiology, as mentioned above, and 
publishing them in a single issue. This 
policy enables comprehensive coverage of a 
chosen topic of the subspecialty but, by 
making use of any phase by the three ma- 
jor Disciplines, it broadens the horizon of 
our knowledge and permits us to keep pace 
with the enormous strides which are con- 
tinuously being made in the unrelentless 
advancement of the Specialty of Radiology 
as a whole. 

Thus Integrated Radiology has served us 
well. But Integrated Radiology carries the 
seeds of a future even more brilliant than 
its glorious past. Built, as it is, on the fun- 
damentals of the Universe, it already em- 
braces all aspects of the man-made radia- 
tions and the earthborn natural radiations 
and there is every indication that soon it 
will be extended to the space radiations, 
both man-made and spaceborn, for the im- 
measurable benefit of mankind. 

Harper Hospital 
Detroit 1, Michigan 
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ARTERIOSCLEROTIC NARROWING OF RENAL 
ARTERIES ASSOCIATED WITH 
HYPERTENSION* 


By D. A. VAN VELZER, M.D., 


OQ SR Afty years ago Janeway” showed 
kat postoperative blood pressure per- 
sisted at a significantly high level for more 


than z month when the renal arteries of 


dogs were constricted by ligatures. In 1934, 
Gold> att ef al., by means of a clamp that 
they cevised, conceriered the renal arteries 
in dogs. The amount of constriction which 
was irduced varied considerably and the 
extent of constriction was changed over a 
time mterval of several weeks. Constric- 
tion o` one renal artery was followed by a 
slight to moderate elevation of blood pres- 
sure, which then tended to return toward 
normal levels. Constriction of both renal 


arteries was followed by the production of 


svstclx hypertension to a varying degree 
in all of the dogs. Since the time of that 
experi ment, much work has been performed 
on the relationship of renal ischemia to 
maligr ant hypertension. Recently the rela- 
tionsh.p of arteriosclerotic narrowing of the 
renal arteries to hypertension has been 
studied. 

Thi. report is based on 1,332 aortograms 
which were made at the Methodist Hospi- 
tal, Houston, Texas, between 1953 and 
1960 znd which were evaluated for renal 
artery narrowing. 


PRESENT CONCEPT 

The most plausible and widely accepted 
presert day concept regarding the etiology 
of rerovascular hypertension is that de- 
crease in renal artery pulse pressure by 
renal artery narrowing leads to the partial 
conversion of pulsatile to continuous blood 
flow ir the kidneys with anoxia of the tubu- 
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lar cells as a result. This leads to increase in 
cellular membrane permeability and the 
release of the large renin molecule in the 
tubules. This enzyme acts on a plasma sub- 
strate to form a decapeptid called hyper- 
tensin 1. (This substance is not the active 
vasoconstrictor which produces the hvper- 
tension.) Hypertensin 1 is converted to 
hypertensin i1 and the latter substance is 
the active vasoconstrictor which has been 
purified and shown to be five times more 
active than adrenalin as a vasopressor. 
Hypertensin 11 is an octapeptid and its con- 
tinuous formation produces the generalized 
systemic hypertension which results. 

An arteriosclerotic plaque near the origin 
of one renal artery reduces renal arterial 
pulse pressure and can cause malignant 
hypertension. The hypertension affects the 
entire body, including the opposite unob- 
structed kidney. The involved hypotensive 
kidney is protected from the generalized 
hypertension by the arterioscierotic plaque 
in its renal artery so that histologic nephro- 
sclerotic changes do not occur in this kid- 
nev. Decreased renal blood flow, glomeru- 
lar filtration and sodium and water excre- 
tion result. The urine/plasma ratio of inu- 
lin is increased. The unobstructed hyper- 
tensive kidney shows the reverse effect. 
Revascularization of the hypotensive kid- 
ney may remove the stimulus for the pro- 
duction of the hypertensive cycle. If both 
renal arteries are narrowed, both kidneys 
may be protected from the hvpertension 
and revascularization of the kidnevs will 
result in a marked decrease in the hyper- 
tension. The malignant nephrosclerotic 


* Fram the departments of Radiology and Surgery, Methodist Hospital and Baylor University College of Medicine, Texas Medical 
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changes will not have occurred in either 
kidney and a dramatic response to the sur- 
gical procedure can be expected. 


AORTOGRAPHY 


A translumbar aortic puncture is per- 
formed with the tip of the needle above the 
origin of the celiac axis. Then 10 to 25 cc. of 
70 per cent urokon is injected, either man- 
ually or through an automatic injector, and 
the film is exposed near the end of the in- 
jection. The abdominal aorta and its many 
branches, including both renal arteries, are 
well shown and arteriosclerotic narrowing 
of the renal arteries, usually occurring at 
or near their origin in the abdominal aorta, 
can be demonstrated. Occasionally, diffuse 
arteriosclerotic disease of someof the periph- 
eral renal arteries is evident and rarely 
aneurysmal dilatation of one of its 
branches is seen. Only 25 cc. of urokon is 





Fic. 1. Case 1. (/7) Aortogram showing diffuse nar- 
rowing of the left renal artery. The right renal ar- 
tery is not significantly narrowed. (B) Drawing il- 
lustrating left renal artery narrowing. 
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injected in any given day, since impaired 
renal function and even death can result 
from excessive amounts of contrast mate- 
rial. 
ILLUSTRATIVE CASES 

Case 1. B.S., a white male, seventy-six years 
old, had had moderate hypertension for twenty 
years and a known abdominal aortic aneurysm 
at the time of admission. Aortography demon- 
strated diffuse narrowing of the left renal artery 
(Fig. 1, Æ and B). An excretory pyelogram re- 
vealed impaired function of the left kidney. The 
abdominal aortic aneurysm was resected and 
replaced with a graft. Although, the left kidney 
was noted at surgery to be atrophic, no opera- 
tive procedure was performed on it or on the 
left renal artery. The patient has remained well 
since the operation but the moderate hyperten- 
sion has persisted. 


Case 11. F.S., a white male, sixty-eight years 
old, had an eight months' history of frontal and 
occipital headaches and hypertension. Reno- 
gram showed vascular insufficiency on the left. 
The aortogram (Fig. 2, 4 and B) disclosed 
stenosis of the left renal artery just proximal to 
its bifurcation with poststenotic dilatation. 
Endarterectomy with patch grafting was per- 
formed on the left renal artery and a postopera- 
tive aortogram (Fig. 2, C and D) showed suc- 
cessful removal of the arteriosclerotic plaque in 
the left renal artery. The patient's postoperative 
blood pressure was normotensive. 


Case ut. J.M., a white male, fifty-two years 
old, had a one year history of hypertension and 
headaches. He presented with an enlarged heart 
and generalized arteriosclerosis. The aortogram 
(Fig. 3, 4 and B) demonstrated right renal 
artery stenosis and an abdominal aortic aneu- 
rysm. The aneurysm was resected and a graft 
extending from the abdominal aorta to both 
common iliac arteries with a limb up to the right 
renal artery was inserted (Fig. 3, C, D and E). 
The patient was normotensive postoperatively. 


Case 1v. E.M., a white female, forty-nine 
years old, gave a history of progressive hyper- 
tension of two years’ duration with headaches, 
scotomata and syncopal episodes. The blood 
pressure ranged from 190/90 to 240/125 mm. of 
mercury. Split renal function studies showed a 
slight reduction of sodium and water excretion 
and of inulin and para-aminohippuric acid 
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Fie. 2. 
tion. (8) Drawing illustrating the renal artery ni wrowing. (C) 
of endarterectomy and patch grafting. (D) Drawing of the patch graft. 


clearanee in the right kidney. The aortogram 
(Fig. 4, 4 and B) revealed stenosis of the right 
renal artery. A bypass graft was inserted which 
extended from the abdominal aorta to the right 
renal artery (Fig. 4C). Postoperatively, the pa- 
tient’s Mood pressure was in the normotensive 
range. 


Casev. L.S., a white female, forty-eight years 
old, hac a blood pressure of 180/g0 to 220/120 
mm. of mercury; her hypertension was first 
discovered six weeks before hospitalization. The 
aortogr.m (Fig. 5) demonstrated lower pole 
aceessory renal arteries bilaterally with slight 
narrowmg and poststenotic dilatation in the 
aceessory right renal artery. There was a pulse 
pressure gradient in the accessory right renal 
artery. The patient underwent parch graft 
angiopl.sty to the accessory right renal artery 
and afrer operation she was normotensive. 


Case vr. H.R., a white male, fifty-seven years 
old, hac moderate hy pertension of three years’ 
duration with increasing claudication in both 
legs dur. ng that period. The aortogram (Fig. 6) 
demons-rated complete occlusion of the ab- 
domina. aorta just below the level of the renal 
arteries. Aortic-femoral bypass grafts were in- 


Case 11. (4) Aortogram demonstrating narrowing of the left renal artery; note also the early bifurca- 


Postoperative aortogram showing the results 


serted and the patient had complete relief of the 
claudication; however, the moderate hyperten- 
sion persisted. An occluded lower pole accessory 
right renal artery was suspected from the aorto- 
graphic findings. 


Case vir. A.N., a white male, forty-three 
years old, had sy mptoms of inagnant hyper- 
tension of two months’ duration. The blood 
pressure ranged from 190/100 to 280/150 mm. 
of mercury. Hypertensive retinopathy had pro- 
duced almost complete blindness. An excretory 
pyelogram revealed delayed exc-etion by the 
right kidney. An aortogram (Fig. 7,7) demon- 
strated stenosis of the right renal artery. Àn 
aortic-iliac bypass procedure was performed 
with a limb extending up to tke right renal 
artery (Fig. 7 B). Postoperatively, the patient was 
normotensive; the hypertensive retinopathy 
subsided and vision was normal within three 
weeks. 


Case vur W.D., a white male, fifty-nine 
years old, was referred because of an abdominal 
aneurysm. The patient had moderately severe 
hypertension. Àn aortogram (Fig. 8/4) revealed 
stenosis of the proximal portions of each renal 
artery. The abdominal aortic aneurysm was 
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resected and replaced by a dacron graft and 
limbs from the graft were extended to each 
renal artery (Fig. 8B). Postoperatively, the pa- 
tient had moderate reduction of the hyperten- 
sion. 


Case 1x. L.H., a white male, fifty years old, 
had had resection and homograft replacement 
of the aortic bifurcation in 1953 for occlusive 
disease. Following this, the patient had increas- 
ing hypertension for two years. The blood pres- 
sure range was 200/90 to 240/130 mm. of 
mercury. An aortogram (Fig. 94) revealed nar- 
rowing of the left renal artery and a graft was 
inserted extending from the abdominal aorta 
homograft to the left renal artery (Fig. 9B). 
Postoperatively, the patient had a blood pres- 
sure range of 118/80 to 160/85 mm. of mercury. 


Case x. C.T., a white female, fifty-five years 
old, had hypertension of six years’ duration 
with repeated black-out spells, numbness of the 
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Fic. 3. Case ut. (4) Aortogram 
showing an abdominal aortic 
aneurysm and also narrow- 
ing at the origin of the right 


renal artery. (B) Drawing 
illustrating the findings in 
A. (C) Operative” photo- 
graph showing the graft in 
place. (D) Postoperative 
aortogram showing the graft 
extending from the lower ab- 
dominal aorta to both com- 


! 
/ 


mon iliac arteries with one 
limb extending to the right 
renal artery. (E) Drawing of 
the postoperative aortogram. 


| 





left arm and claudication of the left leg. After a 
right carotid endarterectomy was performed, an 
aortogram (Fig. 10) revealed narrowing of the 
right renal artery and of the lower pole accessory 
left renal artery. Resection and graft replace- 
ment of the aortic bifurcation with a patch graft 
angioplasty of the right renal artery were done. 
The patient has remained asymptomatic since 
the operation, although mild hypertension has 
persisted. The latter is probably explained on 
the basis of the narrowed accessory left renal 
artery. 


Case xi. J.H., a white female, fifty-seven 
years old, had hypertension of five years’ dura- 
tion with progressive claudication for three 
years. The blood pressure range was 16c/go to 
220/120 mm. of mercury. An aortcgram (Fig. 
114) revealed narrowing of the left renal artery 
at its origin and an excretory pyelogram (Fig. 
11B) showed impaired function of the left kid- 
ney. An aortic-femoral bypass graft was in- 
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Fic. 4. Case 1v. (7) Aortogram showing narrowing of the right renal artery (arrow). (B) Drawing illustrating 
narrowing of the right renal artery. (C) Postoperative aortogram showing the limb of the graft extending 


to the right renal artery. 


serted bilaterally with a limb extending up to 
the let renal artery. The blood pressure post- 
operatively remained within the normotensive 
range aad there was no longer anv claudication. 


Case xi. H.G., a white male, sixty-four 
years cd, had hypertension and a history of 
right hemiplegia with subsequent recovery. An 
aortegram (Fig. 12) revealed moderate narrow- 
ing of she left renal artery at its origin. A left 
renal artery bypass graft was inserted as well as 
aortic-i iac grafts and the patient was normo- 
tensive postoperatively. 


Case xir H.W., a white male, fifty-five 
years dd, had hypertension of several years’ 
durat:ca with progressive claudication of both 
legs for two years. The blood pressure range 
was 213/110 to 260/120 mm. of mercury. The 


Fic. 5. Case v. Aortogram showing lower pole acces- 
sory zenal arteries bilaterally. There is slight nar- 
rowing with poststenotic dilatation on the right. 
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Fic. 6. Case vi. Aortogram illustrating the usual lo- 
cation for complete abdominal aortic occlusion. 
An occluded anomalous renal artery to the lower 
pole of the right kidney was suspected. 
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renogram revealed decreased vascularity of the 
left kidney and an aortogram (Fig. 13) showed 
stenosis of the left renal artery. A bilateral 
aortic-femoral bypass graft with a limb extend- 
ing up to the left renal artery was inserted and 
the patient's blood pressure gradually declined 
to 140//80-160//9o mm. of mercury. 


Case xiv. W.B., a white male, forty-nine 
years old, had a three year history of hyperten- 
sion and dizziness. An aortogram (Fig. 14) re- 
vealed stenosis of the right renal artery. An 
aortic-femoral right renal bypass graft was 
inserted and the patient was normotensive 
postoperatively, 


Case xv. R.S., a white male, forty-nine 
years old, had claudication in the right leg for 
two years with no history of hypertension. The 
aortogram (Fig. 15) revealed bilateral accessory 
renal arteries with slight narrowing at the 
origin of the right lower renal artery. The pa- 
tient underwent endarterectomy of the right 
common iliac artery with complete relie? of the 
claudication. His blood 
normal. 


pressure remained 


RESULTS 
A three-man team reviewed 1,332 lambar 


aortograms and evaluated the appearance 
of the renal arteries. Most of the patients 





Fic. 7. Case vit. (4) Aortogram illustrating almost complete occlusion of the right renal artery. (B) 
operative aortogram showing the limb of the graft extending to the right renal arterv. 


Post- 
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Fic. 8. Case vini. (7) Aortogram demonstrating narrowing of both proximal renal arteries. (B) Post- 
operative aortogram showing a limb of the graft extending to each renal artery. 


had aortography performed because of 
aneurvsm or occlusive disease in the ab- 
dominal aorta or because of circulatory 
impairment to the lower extremities. In 
other words, most of these cases had ad- 
vanced arteriosclerotic disease as the cause 
of their presenting complaint and rela- 
tively few of the examinations were done 
primarily for the evaluation of hyperten- 


sion. Renal artery anomalies were noted 
and kidney size and renal function were 
estimated by means of a follow-up pyelo- 
grams which, in most cases, had been taken 
ten minutes following the aortogram. Ar- 
teriosclerotic the abdominal 
aorta and other branches was also noted. 
(This was found to be present in a very 
high percentage of the cases.) The age 


disease of 





"1G. 9. Case 1x. (4) Aortogram demonstrating stenosis of the left renal artery. (B) Postoperative 


aortogram showing the graft to the left renal artery. 


814 





Fic. 10. Case x. Aortogram made after a low aortic 
injection and showing stenosis of the right and in- 
ferior accessory left renal arteries. (This type of 
needle placement has been discarded because it 
can cause intramural dissection in a diseased 
aorta and renal artery occlusion may follow.) 


range of the patients was eighteen to 
eighty-six years. The average age was 
fifty-five years. 
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Of the 1,332 aortograms, 437 were judged 
technically unsatisfactory for this study, 
since the renal arteries were not adequately 
visualized. Motion of the patient, improper 
centering of the film, excess dilution of 
contrast material, extravasation of contrast 
material, superimposition of other arteries 
over the renal vessels and direct injection 
into the celiac axis or superior mesenteric 
artery were some of the causes for inade- 
quate demonstration of the renal arteries; 
however, most of these 437 studies were 
unsatisfactory because the aortic puncture 
was below the level of the renal arteries. 
(Injection at this level is discouraged at the 
present time because of the possibility of 
producing a dissecting aneurysm at the 
site of the needle puncture, since arterio- 
sclerotic changes are usually more severe in 
the lower abdominal aorta than in the 
upper.) Also, the aortograms of 74 patients 
who had no blood pressure readings re- 
corded on their hospital charts were not 
considered. This left a total of 821 aorto- 
grams which were used in the present series 





Fic. 11. Case xr. (4) Aortogram showing stenosis of the left renal artery. (B) Follow-up excretory 
pyelogram revealing impaired function of the left kidney. 
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Fic. 12 Case xir. Aortogram demonstrating stenosis 
of the left renal artery (arrow). 


for the statistical evaluation of arterio- 
scleronic disease of the renal arteries and 
its relationship to hypertension (Table 1). 

The criteria for hypertension are, of 
course a very important aspect of this 
statistical analysis and a slight change in 
the cr-teria will make a significant differ- 
ence 1a the statistics. 

The blood pressure readings were taken 
from -he hospital charts and usually to- 
taled ix recordings. The first two, the last 
two, and the highest two readings were 
tabu: ted. Table 11 shows the results when, 
as cri-eria for hypertension, two of the six 
blood pressure recordings showed a svstolic 
or dia tolic hypertension, or when there was 
one s-stolic and one diastolic elevation. 
These criteria were purely arbitrary and do 
not constitute a very strict definition. 





Fic. 17. Case xui. Aortogram demonstrating steno- 
sis of the left renal artery (arrow). 
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Fic. 14. Case xiv. Aortogram demonstrating steno- 
sis of the right renal artery (arrow). 


Manv of the patients, however, were on 
medication for the treatment of hyperten- 
sion. On the other hand, of course, errors 
can be made in the taking of the blood pres- 
sure. 

Any diastolic recording over go mm. of 
mercury was considered hypertensive at 
any age. The baseline for the systolic hy- 
pertensive level was taken from insurance 


TABLE I 


MATERIAL 


Total aortograms reviewed I , 332 
Aortograms with inadequate visualiza- 


tion of renal arteries 437 
Cases with no blood pressure readings | 

recorded 7 

| 821 


Aortograms and cases used 








Fic. 15. Case xv. Aortogram demonstrating bilateral 
accessory renal arteries with stenosis evident on 
the right (arrow). 
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Tase IH 
RENAL ARTERY STENOSIS AND HYPERTENSION® 
(821 cases) 





| No.of, Per 








| Cases |. Cent 

Hypertension | 643 78.3 

No hypertension | 178 213.7 
Renal artery stenosis (unilateral | 

or bilateral) |o £416 $0.7 
Hypertension and renal artery | 

stenosis | 358 | 43.7 
Arteriosclerotic occlusive disease | 
(aortic, iliac, femoral or poplit- | 

eal arteries) | 737 89.7 


* Criterion. for hypertension; two of the six blood pressure 
readings showing a systolic or diastolic elevation; or one systolic 
and one diastolic elevation. 


company statistical analvses of normal 
levels of blood pressure in various age 
groups. Under forty vears of age, 140 mm. 
of mercury was considered the dividing 
line between normotension and hyperten- 
sion. For each succeeding decade after 
forty, ; mm. of mercury is added to give 
the upper limits of normotension in the 
population of the United States as a whole. 

Table 11 shows that 78.3 per cent of the 
total 821 patients had hypertension; 50.7 
per cent had narrowing of one or both renal 
arteries demonstrated by aortography, and 
43.7 per cent had both hypertension and 
renal artery narrowing. Unilateral narrow- 
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ing was slightly more common than bilat- 
eral and the right artery was stenosed 
slightly more frequently than the left 
(Table mt). Associated — arteriosclerotic 
disease (in the abdominal aorta, iliac, 
femoral or popliteal arteries) was present in 
almost all the cases (89.7 per cent). 

A ten minute excretory pvelogram was 
usually made following the aortogram and 
this was evaluated for evidence of impaired 
renal function. Many authors describe ab- 
sent or delayed excretion of contrast ma- 
terial as a sign of impaired blood supply to 
a kidney and some consider that a defi- 
nitely smaller kidney on one s:de indicates 
impaired renal function. These signs, when 
present, were usually found to be in the pa- 
tient who had aortographic evidence of 
narrowing of a renal artery. However, in 
the overwhelming majority of the cases, 
excretion of contrast material and kidney 
size were normal (Table 1v). It appeared 
to us that excretory pyelography following 
aortography adds very little to the evalua- 
tion of the blood supply to the kidneys. 

Each renal artery in the 821 aortograms 
was judged as normal, questionably dis- 
eased, showing definite evidence of arterio- 
sclerosis, or inadequately visualized for 
technical reasons. 

The accessory renal arteries were not 
tabulated but it was our general impres- 
sion that they are frequently present, and 


Taste HI 
RENAL ARTERY STENOSIS AND HYPERTENSION? 
(821 cases) 





Hypertension 
Bilateral renal artery stenosis 
Unilateral renal artery stenosis 
Right renal artery stenosis 
Left renal artery stenosis 
No hypertension 
Normal renal arteries, bilaterally 
Hypertension 
No hypertension 








ame criterion for hypertension as in Table i1. 


Renal artery stenosis (unilateral or bilateral) 








. of Cases Per Cent 





416 | 50.7 

| a8 | 43-7 

| i 155 18.9 

| | 203 24.8 

| 107 13.1 

| 96 11.7 

58 7.0 

235 | 28.7 

P | 154 18.8 
81 
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Taste IV 
RES aL ARTERY STENOSIS AND HYPERTENSION” 
(821 cases) 





Associa:ed arteriosclerotic disease | 
faort c, iliac, femoral or popli- | 


















teries) | | 
nealization of a kidney on | | 
the prelogram | 2 | o2 
Wich hypertension and renal | | 
artery stenosis | 1 | Ga 
ted kidney 8 | 1.0 
h hypertension and renal | | 
artery stenosis | 5x co 
Delayes excretion | 62 | 7.5 
Wh hypertension and renal | | 
| ) | 5.6 


artery stenosis | 46 
J 


* Same criterion for hypertension as in Table m. 


as many as three renal arteries to a kidney 
were seen. A low accessory renal artery 
frequently is partially or completely oc- 
chided and many times an occluded renal 
artery not visualized on the aortogram can 
be suspected because of a relatively avascu- 
lar area (usually the lower pole) seen on the 
nephrogram. 

Wen the criteria for hypertension were 
varied slightly there was a significant effect 
on the statistics. A second statistical analy- 
sis o^ the association of arteriosclerotic 
narrowing and hypertension was made 
when as the criterion for hypertension, 
three of the six svstolic or two of the six 
diastelic recordings were over the limit for 
the age of the patient (Table v). Of the total 
821 cases, $4.5 per cent had hypertension 
and 23.7 per cent had both hypertension 
and renal artery stenosis. 








CONCLUSIONS 


Of the total 821 cases, 43.7 per cent had 
both renal artery narrowing and hvper- 
tensien (Table 1). Arteriosclerotic disease 
of otber arteries was almost always present. 
Dela-ed or absent excretion of contrast 
mate-ial by a kidney or the presence of a 
contracted kidney was not evident with any 
cant frequency. When more stringent 
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Taste V 
RENAL ARTERY STENOSIS AND HY?ERTENSION* 
(821 cases) 


Hypertension 

No hypertension 

Renal artery stenosis | 

Hypertension and renal artery | 
stenosis | 





* Criterion for hypertension: three of the six blood pressure 


readings showing a systolic elevation; or twe diastolic elevations. 


hypertension criteria were itilized, 33.7 
per cent of the 821 cases hac both hyper- 
tension and renal artery disease (Table v). 


SUMMARY 


In a review of 1,332 aortograms, 821 
were found satisfactory for evaluation of 
the renal arteries. The hospital charts of the 
821 cases were studied and blood pressure 
readings were recorded. The statistical 
relationship of renal artery narrowing to 
hypertension was tabulated. 


D. A. Van Velzer, M.D. 
6516 Bertner Avenue 
Houston 25, Texas 
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ANALYSIS OF THE RADIO-RENOGRAM CURVE* 


By RONALD P. KRUEGER, AARON P. SANDERS, WILLIAM DeMARIA, 
and GEORGE J. BAYLIN 


DURHAM, NORTH CAROLINA 


HE use of the I'* renogram as a test 

for kidnev function has been de- 
scribed +° The chief application of this pro- 
cedure s as a screening test to rule out uni- 
lateral renal disease in hypertensive 
persons? and to detect gross abnormalities 
in rena function that involve large portions 
of kidrey parenchyma.’ The major limita- 
tion in its use is that this test is essentially 
qualitative and subject to individual inter- 
pretation.? 

The work presented here proposes a 
methoc of analysis of the radio-renogram 
that permits a more objective interpreta- 
tion. 

METHOD 

Patients are placed on a bed in a prone 
position. The anatomic location of the kid- 
neys is determined beforehand by abdomi- 
nal rcentgenography. A 2 inch sodium 
iodide (Tl) scintillation crystal in a lead 
collimeted probe is placed over each kid- 
ney. A third scintillation detector is placed 
over the posterior thorax at the level of the 
heart. Zach detector is connected to a count 
rate meter and then to a rectilinear strip 
chart -ecorder. 

One microcurie of I?! labeled hippuric 
acid per 3 kg. of body weight is injected 
intravenously. The levels of radioactivity 
over each kidney and the heart are re- 
corded. 

Consrol renograms were made of «o 
healthy university students. Renograms 
were aso made of 22 hospital patients with 
hypertension. One or more of the standard 
renal tinction tests, including intravenous 
pyelography, phenolsulfonphthalein excre- 
tion, aortography, differential clearance 
studies, and blood and urine chemistries 
were also performed. On the basis of these 


clinical tests, these patients were found to 
have no renal dvsfunction associated with 
their hypertension. In additior, renograms 
were made of a group of g patients with 
clinically proved renal disease. 


RESULTS 
A normal hippuric acid renogram is 
shown in Figure 1. Characteristically, it has 
the three segments described by Taplin 
et al? The first, or vascular, segment is 
shown by the portion of the curve labeled 
1B, The second, or concentration, phase is 
BC. The third, or excretory, segment is 
shown by CEF; F being the peint at which 
a new base line or equilibrium is reached. 
In order to make the analysis for this 
study, each renogram was prepared as fol- 
lows: from point B a horizortal line was 
drawn to intersect CF at point E. Vertical 
lines were then drawn from points B, C, and 
E to the base line. The time elapsed during 
the vascular segment of the curve is repre- 
sented by 4; the duration of the concen- 
tration segment is 4; and ¢ is the time 
during which the curve returms to a value 
equal to the height of the vascular peak. 
To achieve standardization of the reno- 
grams the following considerations were 
made.* 


1. “X?” 1s equal to the maximum blood 

level of P”, 

"Y" 1s the peak of the concentration 

phase of the renogram curve. 

3. Then 100(Y — X)/ X is tke percentage 
of the maximum blood evel concen- 


bo 


* For the purposes of this study and tne development of 
arbitrary expressions of kidney function, tie mathematic as- 
sumptions made are adequate. The authors acknowledge the fact 
that an accurate quantitative analysis of the renogram curve 
would involve considerations more complex than the linear rela- 
tionships expressed herein. 


* Fromwthe Departments of Radiology and Pediatrics, Duke University Medical Center, Durham, North Carolira. 
Supper-ed in part by research grants from National Heart Institute, National Institute of Health, Bethesda, Maryland, and from 


Duke Unwersity Research Council, Durham, North Carolina. 


819 










































































í 





(^ 









































trated by the kidney, or total concen- 
tration. 

4. lotal concentration divided by time 
t, equals the percentage concentrated 
per minute, or minute concentration. 

5. Total concentration divided by time 
ft, equals the percentage excreted per 
minute, or minute excretion. 


The renograms are divided into three 
groups. Group 1 is the control group. 
Group 11 consists of the hypertensive pa- 
tients with no demonstrated kidney disease. 
Group 11 is composed of those patients 
with unilaterally or bilaterally abnormal 
kidney function (demonstrated by tests 
other than the renogram). 

The total concentration, minute concen- 
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tration, and minute excretion values were 
determined for the left and right renogram 
curves of each person tested. The mean 
values and standard deviations of these de- 
terminations for the renograms in Groups 
I and 1 are shown in Table 1 and 1. 

Table nu lists the results of the renograms 
made of the patients in Group 111; that is, 
those with abnormal kidney function. 


DISCUSSION 


From the data in Table 1 it can be seen 
that, in the control group, there is no signif- 
icant statistical difference in the normal 
values between the left and right renogram 
curves. 

Similarly, a comparison of the renograms 
in the second group also shows no statistical 
difference between the values for the left 
and right renogram curves. f 

In comparing the total concentration and 
minute concentration of Groups 1 and 1 
with each other, it is seen that, as a whole, 
the hypertensive group has significantly 
lower levels (p «.o1) of these two parame- 
ters than the control group. This disparity 
is more evident when comparisons between 
the minute excretion values of these two 
groups are made (p <.005). When consid- 
ered individually, however, the majority of 
the hypertensive patients fall within the 
normal limits as defined by the control 


t This study was originally undertaken using J diodrast as 
the test agent, and a wide divergency of normal values was found 
between the left and right renograms, presumably due to the 
concentration of diodrast in the liver. For this reasor. we have 
abandoned this compound in favor of I?! hippuric acid. 






































'TaaLE I 
GROUP I—NORMAL CONTROLS 
Total Concentration Minute Concentration Minute Excretion 
(per cent) (per cent) (per cent) 
Standard Standard M Stardard 
Mean Deviation Mean Deviation een Deviation 
Left Kidney 72.1 27.1 20.6 8.9 17.4. g.I 
Right Kidney 73.7 31.8 20.0 9.8 16.9 G.O 
Average of Both Kidneys 72.9 29.5 20.3 9.3 17.1 5.0 


























Vor, 86, Be. 2 The Radio-Renogram Curve 821 
'TTAnLE H 
GROUP IL—HYPERTENSIVE PATIENTS WITH NORMAL KIDNEY FUNCTION 
T eer l Minute | Minute 
Concentration | Concentration Excretion 
(per een) i (per cent) (per: zent) 
Sealand | Sadara: Standard 
j Mean Deviation Mean Deviation Mean Deviation 





Right Kicney 








55.1 29. 
Average c7 
Both Awneys $5.0 27.3 


group. A. the number of nor mal and hyper- 
tensive pztients in this study 1s increased, 
it may | 
the signitcance of this difference 
the two groups. 










possible to evaluate more fully 
between 











11.0 PER 

15.7 6.2 10.3 4.6 
| 

16.7 6.7 10.6 : 8 


Table 11 shows that the value of one or 
more of the three renogram parameters for 
the patients in the third group falls outside 
the normal limits given bv tae control 
group. 
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GROUP IH 


Total 
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PATIENTS WITH ABNORMAL KIDNEY FUNCTION 





Minute 


















Patient | — kidney Concentration | Concentration Excretion ce 
| ; agnosis 
(per cent) | (per cent) (percent) | "AABIICSIS 
1 60.0 | 18.9 3.6 | 
27.5 8.7 2.4 | 
2 of 53.1 18.1 4.9 |; Chronic glomerulonephritis 
Rune 80.2 26.0 £.9 | 
i L eft 38.0 255 0.0 | Left hydrone Ri SIS; 
a j | F 
Right 22.0 2.7 1.4 | Nonfunction of right kidney 
4 Left 314.0 | Agate: MN 
Righe Jose | 
5 L eft 148.0 | 
Right 178.0 | 
6 Left 167.5 | Left hydronephresis; 
Right 0.0 | Nonfunction of right kidney 
7 14.9 Chitonié py done ritis 
| 23.8 ] 
8 168.0 | Left hydronephresis; 
102.0 | Normal right kidney 
9 Left E 106.0 | Bilateral hydraneohrosis 
Right | 16.7 i 
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CONCLUSION 


A method for analysis of the radio-reno- 
gram is proposed. This method eliminates 
certain variables inherent in this procedure 
and permits a more objective interpreta- 
tion of the renogram curve. 


Ronald P. Krueger 

Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 
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EXTRARENAL CALYCES: THEIR RELATIONSHIP 
TO RENAL DISEASE* 


By MAXWELL MALAMENT, BERNARD SCHWARTZ, and GEORGE R. NAGAMATSU 


EAST ORANGE, NEW JERSEY 


RARE congenital anomaly of the renal 
pe vis and calyces, which has evoked 
little iaterest in the past, has been en- 
countered with increasing frequency due 
to the awareness and recognition of this 
abnormality. Although 1t may appear as an 
incidental finding at postmortem examina- 
tion, more often it has been found associ- 
ated w th renal disease. Reports describing 
extrarenal calyces have been sparse in the 
urologic literature, and our series of 8 
cases suggests that this anomaly may occur 
more commonly than the literature would 
indicate. 
CASZS REPORTED IN THE LITERATURE 
Fiseadrath? presented a case of calcu- 
lous hydronephrosis with extrarenal calyces 
and discussed 3 previously reported cases. 
The first of these, described by Fiirstner, 


was a case in which the extrarenal calyces 
were present in a hypoplastic segment of a 
bifid kidney. The second case, mentioned 
by Herz, was one of bilateral extrarenal 
calyces. In the third case, -eviewed by 
Apert, the extrarenal calvces entered the 
ureter without an intermediate pelvis. A 
case similar to that of Eisend-ath was re- 
ported by Veseen.? In 1951, a sixth case, 
described by Dunn and Gibson,! showed 
ectopia and hydronephrosis associated with 
this congenital anomaly. 


ANATOMY 


The anatomic feature (Fig. 1) of this 
congenital anomaly is a discoid shaped 
kidney, flattened in the anteroposterior 
diameter, with the pelvis and the major 
and minor calvces located outside the renal 
parenchyma. The hilus is eliptical and 





ViG. 1. Posterior aspect (left) and cross section (right) of an extrarenal calyceal system. 


* From the Urology Section, Surgical Service, Veterans Administration Hospital, East Orange, New Jersey and the Department 


of Urolog: , New York Medical College, New York, New York. 
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covers most of the posterior surface, with 
the minor calyces attaching themselves to 
the kidney in this area. The cut section of 
the kidney reveals the usual appearance of 
cortical and medullarv zones, with the 
papillae protruding into the minor calvceal 
cups, which are attached at the hilar sur- 
face. The renal vessels enter the kidnev 
with an anomalous distribution, usually 
at the circumferential edge of the flat, 
widened hilus. 


EMBRYOLOGY 


The anomaly may be due to a disparity 
resulting from slow development of the 
nephrogenic anlage, or to a rapid develop- 
ment of the ureteric bud. At the end of 
the third or the beginning of the fourth 
week of gestation, the metanephros arises 
from the nephrogenic anlage and replaces 
the mesonephros in function. Simultane- 
ously, the ureteric bud ascends in a ceph- 
alad direction toward the nephrogenic 
mass, which forms a cap around the blind 
end. As the growth continues, the blind end 
widens and invaginates, forming a cephalad 
and a caudad limb, representing the major 
calyces. Two more buds, a dorsal and a 
ventral, grow out of each limb, forming the 
four buds which constitute the major caly- 
ces; they are referred to as the collecting 
tubules of the first order. Each of these, in 
turn, produces two to four buds which 
develop into the minor calyces, or the 
collecting tubules of the second order. 
Should exaggerated or precocious develop- 
ment occur at this stage, the calvceal svs- 
tem could well develop prior to its coales- 
cence with the nephrogenic mass. Con- 
verselv, a lag in the growth of the nephro- 
genic mass could delav its attachment to 
the collecting. system, permitting extra- 
renal development of the first or second 
order of the collecting svstem. 


DIAGNOSIS 
This condition mav be detected bv ex- 
cretory urography and retrograde pyelog- 
raphy when the renal pelvis is visualized 
outside the renal shadow. More character- 
istic is the pattern of the major calyces, 


which seem to flare out with a terminal 
incurvation, simulating the curved prongs 
of a small hand garden rake. When surgery 
is indicated, meticulous dissection of the 
renal hilus readily reveals the pelvis to be 
located in the perirenal tissues. The calvces 
can then be traced to their insertion in the 
renal parenchyma. 


REPORT OF CASES 

Case r A.C. This sixty-seven year old white 
male, because of continued urinary difficulties 
following a transurethral resection in 1946 at 
another hospital, had a second operative proce- 
dure in 1950 at the same hospital. The patho- 
logic diagnosis of the tissue obtained at the sec- 
ond resection was adenocarcinoma of the pros- 
tate gland. Intravenous urography revealed a 
normal left kidney and an ectopic right kidney. 
On admission to the Veterans Administration 
Hospital in 1956 because of urinary symptoms, 
examination demonstrated a nonfunctioning 
right kidney and a normal left kidney, as well 
as generalized metastases. The patient expired 
in November, 1957. At autopsy, a typical 
extrarenal calyceal system of the right kidney 
was found. This anomaly had not caused any 
clinical symptoms. 


Case m. J.M. This sixty-two year old white 
male was admitted to the Flower Fifth Avenue. 
Hospital in 1948 complaining of gross hema- 
turia for the past eighteen vears. This occurred 
at approximately six month intervals and would 
clear within twenty-four hours. Occasional 
dysuria was admitted, but no other symptoms 
were present. Physical examination and lab- 
oratorv findings were essentially normal. The 
intravenous urogram and retrograde pyelogram 
revealed a left calculous hydronephrosis. The 
right side appeared normal. A left nephrectomy 
was performed and examination of the speci- 
men (Fig. 2) showed extrarenal calyces at- 
tached to a discoid shaped kidney. The pelvis 
contained a large calculus causing urinary ob- 
struction. The kidney exhibited advanced ob- 
structive degeneration. 


Case rir. R.B. This sixty year old white male 
was admitted to the medical service of the 
Veterans Administration Hospital suffering 
with diabetes, hypertension and amaurosis. 
Early signs of cardiac decompensation were 
present and during the work-up an intravenous 
urogram was obtained (Fig. 3-7). This revealed 


a right ectopic kidney with hydronephrosis. 
The urire showed 25-30 white blood cells per 
high pov er field and the patient was referred to 
the urcogy service for nephrectomy. The 
excised specimen (Fig. 3, Æ and B) revealed 
extrarem] calyces, pyelonephritis and ar- 
teriolo-rephrosclerosis. The hypertension was 
only shrhtly improved, decreasing from 232 
118 to BO 92. 


Case iv, J.L. This sixty-seven year old white 
male ws admitted to the surgical service of the 
Veterans Administration Hospital for a possible 
colon raalignarcy. Physical examination re- 
vealed m the left upper quadrant a palpable 
mass waich was associated with left flank pain 
radiatirz to the suprapubic area. The patient 
was ref rred to the urology service and an in- 
travenc is urogram and retrograde pyelogram 
demonerated distortion of the calvceal sys- 
tem suggesting a renal tumor (Fig. 4, Z and B). 
At surgery a large dark brown mass was found 
intimately adherent to the kidney. The kidney 
was removed end examination showed an or- 
ganizec perirenal hematoma of unknown 
origin. Dissection of the renal pelvis disclosed 
an extrarenal calyceal system. It was suggested 
that tke perirenal hematoma may have been 
due to zhe rupture of an anomalous vein. 

Cast v. A.H. This fifty-three year old white 
male was treated on the medical service of the 
Vetera.s Administration Hospital for cardiac 
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Case 11. 
calculus in the pelvis. 


ic. 2. Extrarenal calyces with impact 





lic, 3. Jase 11. (7) Composite photograph of the pyelogram and excised kidney. (B) Lateral view showir 
the extrarenal location of the calyces. 
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Fic. 4. Case tv. (4) Retrograde pyelogram showing deformity of the inferior calyces. (B) Composite photo- 
graph of the pyelogram and excised kidney. 


decompensation secondary to a long history of 
rheumatic heart disease. Diabetes mellitus was 
present and there had been an episode of 





Fic. 5. Case v. Bilateral extrarenal calyces. 
5 ) 


coronary thrombosis in 1955. Urinalyses showed 
albuminuria, mild pyuria, hyaline and granular 
casts. The patient expired and at autopsy a 
bilateral extrarenal calyceal system was found 
(Fig. 5). In addition, the left kidney exhibited 
malrotation and was located in an iliac ectopic 
position. 


Case vr. E.J. This sixty year old white male 
was admitted to the Veterans Administration 
Hospital with a history of gross hematuria of 
one year's duration. The patient admitted 
symptoms of prostatic obstruction. Physical 
examination revealed hypertension and resi- 
duals of a cerebral accident in 1957. The 
prostate was slightly enlarged at palpation and 
was benign. Urinalysis showed 15-20 red blood 
cells per high power field. An intravenous 
urogram and retrograde pyelogram demon- 
strated distortion of the left calyceal system, 
suggesting a space occupying lesion (Fig. 64). 
At this time a diagnosis of extrarenal calyces 
was made. Surgical exploration disclosed two 
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large renal cysts and dissection of the renal 
hilus exposed the pelvis and four major calyces 
located outside the renal parenchyma, thus 
confirming the oreoperative diagnosis of an 
extrarenal calyceal system (Fig. 6, B and C). 


Case vit. H.S. This sixty-two year old white 
obese male was admitted to the Veterans Ad- 
ministration Hosoital in 1960 with vague com- 
plaints of left flank pain. Urinary symptoms 
were minimal. An intravenous urogram and 
retrograde pyelozram revealed a large renal 
shadow with absence of the superior calyces, 
suggesting a poss ble superior pole tumor (Fig. 
7). The pyelogra»hic outline of the pelvis and 


Extrarenal Calvces 


co 
N 
-l 





Fic. 6. Case vi. (4) Pyelogram showing de- 
formity of the left calyceal system. (B) Sur- 
gical exposure with rubber dam around the 
extrarenal calyces. (C) Postoperztive pyelo- 
gram. 


calyces indicated an extrarenal position. Sur- 
gical exploration disclosed extens ve perirenal 
lipomatosis and approximately sco gm. of fat 
was removed. During the dissecticn the antici- 
pated extrarenal calyces were identified. 


Case vit. W.R. This forty-seren year old 
white male was admitted to the Veterans Ad- 
ministration Hospital in November, 1957, 
complaining of severe right flank pain radiating 
anteriorly and downward to the right lower 
quadrant. In 1952 a left pyeloplasty had been 
performed at another hospital. Because of per- 
sistent left flank pain, he had entered this hos- 
pital in 1953 at which time recurrent hydro- 
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Fic. 7. Case vit. Pyelogram showing a large tumor 
mass in the upper pole of the kidney, with ex- 
trarenal calyces. 


nephrosis and a stricture of the ureteropelvic 
junction were found. A second pyeloplasty was 
performed with a good result. The patient had 
no complaints until the onset of the right flank 
pain three days prior to this admission. Pyelo- 
grams showed the presence of a right hydro- 
nephrosis due to ureteropelvic obstruction. 
Surgical exploration revealed extensive peri- 
pelvic adhesions and a taut anomalous blood 
vessel extending to the renal pelvis and kinking 
the ureteropelvic junction. Further exploration 
of the hilus demonstrated the presence of extra- 
renal calyces. No intrinsic stricture of the 
ureteropelvic junction was found and surgery 
was limited to resection of the reduncant pelvis 
and division of the aberrant vessel. 


COMMENTS 
Fourteen cases of extrarenal calvces have 
been reviewed (Table 1), of which 8 cases 
occurred in our series. Of the total, 6 cases 
showed additional congenital abnormalities, 
namely, ectopia in 4 cases and partial 
ureteral reduplication in 2 cases. The left 
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side was involved twice as frequently as 
the right. Renal disease was present in 8 
cases and 7 of these could be related to the 
extrarenal calyceal deformity. 

Statistics of renal disease associated with 
other renal congenital anomalies are not 
available. However, a kidney featuring a 
congenital deformity in size, shape, loca- 
tion or formation is known to exhibit a high 
incidence of renal lesions. The cause may 
be due to anomalous vessels, fbrous bands, 
and interference with urinary drainage due 
to its abnormal position or formation. 

The diagnosis of a congenital anomaly is 
usually made when the clinical symptoms 
warrant a urologic investigation. In our 
series, except for the 2 cases found at 
autopsy, attention was focused on the 
extrarenal calyceal kidney not because of 
the anomaly, per se, but as a result of 
clinical symptoms induced by the renal 
pathology. However, the congenital mal- 





Fic. 8. Case vir. Appearance of the extrarenal pelvis 
of the kidney prior to the onset of obstructive 
symptoms. 
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Taste I 


CASES OF ENTRARENAL CALYCES 





Reported by 


Eisendrath? 


Other Congenital Anomalies 






Location Renal Disease 


Hydronephresis 


| Left | 
Furstner? Bifid kidney with hypoplasia! Right | 
Herz? | Bilateral Right hydronephrosis 
Apert? | Bifid kidney © Left 
Veseen® i | Left | Hydronephrosis 
Dunn and Gibson ! Ectopia | Left | Hydronephresis 
Malament e al. | | 
Case 1 AC. | Ectopia |. Right | 
u J.M. | | Left | Calculous hydronephrosis 
ni R.B. | Ectopia |. Right | 
iv. J.L. © Left | Perirenal hematoma 
v AH. | Left ectopia Bilateral 
vi E.J. | | Left Renal cysts 
vu H.S. | | Left 
viu W.R. | | Right Hydronephrosis 








formation could well have been the cause 
of the associated renal disease. A good 
illustration of this is Case vin, where the 
patient had been followed with pyelo- 
graphie studies for several years because of 
a left hydronephrosis. The right kidney 
offered little of interest (Fig. 8) and was 
neglected until the sudden onset of right 
flank pain revealed an acute hydronephro- 
sis which, on exploration, was found to be 
due to kinking of the ureteropelvic junction 
of an extrarenal calyceal system. Consider- 
ation must be given to the fact that the 
multiple elongated infundibula of the extra- 
renal calyces, exhibiting peristaltic motion 
in a perirenal area, are more liable to ex- 
trinsic influence, as aberrant vessels, and 
may develop gradual or acute obstruction, 
as well as other complications. 
SUMMARY 

Extrarenal calyceal svstem is a congenital 
anomalv in which the renal pelvis and 
calvces lie outside the kidney and are 
attached to the renal parenchyma at the 
minor calyceal level. 

The diagnosis may be made from routine 
pyelographie studies when the renal pelvis 
appears to be situated outside the renal 
shadow, and the calyces extend to the kid- 





ney with an incurvation resembling the 
prongs of a small hand garden rake. 

Of the total of 14 cases reviewed, 8 oc- 
curred in our series, indicating that the 
incidence may be higher than previously 
suspected. As awareness of this congenital 
entity increases, more cases may be recog- 
nized. 

Although extrarenal calyces may exist 
without causing any clinical symptoms, £o 
per cent of the total series exhibited renal 
disease that could be attributed to this 
congenital malformation. 


Maxwell Malament, M.D. 
Chief, Urology Section 

Veterans Administration Hospital 
East Orange, New Jersey 


The authors express grateful acknowledge- 
ment to the Medical Illustration Service, 
Veterans Administration Hospita!, East Orange, 
New Jersey, for the preparation of the illus. 
trations. 
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HAMARTOLIPOMA OF THE KIDNEY: CLINICAL 
AND ROENTGEN FEATURES* 


By MANSHO T. KHILNANI, M.B., and BERNARD S. WOLF, M.D. 
NEW YORK, NEW YORK 


BECAUSE of the presence of substantial 
amounts of fat, retroperitoneal tumors 
containing lipomatous elements can be 
recognized by roentgen examination. This 
was originally pointed out by Windholz in 
1946.2 The roentgen features indicating the 
presence of a retroperitoneal mass have 
been clearly described by several authors.’ 
4591.5 The possibility of roentgeno- 
graphically distinguishing a lipomatous 
tumor which arises within the kidney from 
similar tumors which arise from the retro- 
peritoneal tissues has not been mentioned. 

The present report summarizes the roent- 
gen as well as the clinical features in 6 cases 
of lipomatous tumors arising within the 
kidney; these cases were collected at this 
hospital over a period of about nineteen 
years. It is evident from the small number 
of cases that this type of lipomatous tumor 
is uncommon. We believe, however, that it 
is of considerable clinical importance to 
separate lipomatous tumors arising within 
the kidney from other retroperitioneal tu- 
mors. This opinion is based, not only on 
the features of the current group of cases, 
but also on a review of the literature, which 
indicates that there is no documented case 
of an intrarenal lipomatous tumor which 
has metastasized. 


REVIEW OF THE LITERATURE 


In Robertson and Hand’s'* 2 personal 
cases and their summary of 12 cases from 
the literature, there was no example of a 
malignant lesion. In Klapproth, Poutasse 
and Hazard's!? series of 4 personal cases 
and 12 analyzed from the literature, none 
were considered to be malignant. Williams 
and Savage?! reported 1 personal case with- 
out metastases and reviewed 29 others from 
the literature. These latter authors con- 


sidered all of these tumors to be “Liposar- 
comas" of the kidney on the basis of histo- 
logic appearance and the presence of metas- 
tases in 2 cases, I reported by Tesler and 
Koiransky?? and the other by Lubarsch as 
quoted by Pemberton and MacCaughan.™ 
However, the case of Tesler and Koiransky!? 
is clearly stated by the authors to be 
perirenal in origin and the case of Lubarsch 
is referred to by Pemberton and Mac 
Caughan! as also being perirenal. 

Histologic criteria of malignancy based 
on the appearance of individual cells are 
uncertain. Vascular or lymphatic invasion 
has not been described. The fact.that the 
capsule of the kidney may be penetrated by 
the tumor is not sufficient evidence of the 
malignant nature of these neoplasms. In 2 
cases from this institution previously re- 
ported by Edelman’ and brought up to date 
in this report (Cases 1 and 11), the designa- 
tion "liposarcoma" was originally used on 
the basis of extension into the perirenal 
soft tissues. These patients have survived 
fourteen and nineteen years since nephrec- 
tomy without evidence of disease. Review 
of the histologic slides indicates no micro- 
scopic features to warrant the diagnosis of 
a sarcoma. In the series of 29 cases reviewed 
by Williams and Savage," 11 patients were 
followed for more than one year without 
evidence of recurrence or metastasis. Sur- 
vival for more than ten years was not 
uncommon in this series. . 

For practical purposes, therefore, it 
would appear that lipomatous tumors aris- 
ing within the kidney are benign and that 
permanent cure may be anticipated if 
complete resection is feasible. 


TERMINOLOGY 
From the pathogenetic point of view, an 


* From the Department of Radiology of The Mount Sinai Hospital, New York, New York. 
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unequivocal classification or designation of 
lipomasous tumors of the kidney is difficult 
and no- generally agreed upon. In addition 
to subs:antial amounts of fat, these rumors 
usually contain smooth muscle elements 
and are often vich in blood vessels as well. 
As a result of their "mixed" character, such 
tumors have been variously designated as 
lipoma a!’ or angiolipomata, fibrolipomata, 
angiof »rolipomata, etc.?10!2-1817.18 Masses 
or tumors of exactly the same histologic 
and gross characteristics are not infre- 
quenti” seen in patients with tuberous 
scleros ^7: ** and in such instances have 
been referred to as hamartomata. Accord- 
ing to Robertson and Hand," careful search 
at necropsy indicates that small "lipomata" 
are found in about 1 per cent of all cases 
and sre often multiple. Somewhat similar 
lesions. within the liver have also been 
referred to as hamartomatas. On the basis 
that it is likely that lipomatous tumors of 
the kidney arse from congenital rests, the 
term "hamarzolipoma" has been used in 
the tit e of this report. It should be empha- 
sized that most patients with this tumor do 
not suffer from tuberous sclerosis. The 
designation hamartolipoma also serves to 
suggest the important clinical features of 
these tumors, namely, slow growth and 
benigr. nature. From the pure histologic 
point 5f view, however, the most suitable 
designation for these tumors is mvolipoma 
or angiomyol: poma. 





PATHOLOGY 

In the early stages, a hamartolipoma of 
the kidney is entirely confined to the kidney 
parenehyma and is sharply demarcated 
from the normal kidney tissue. In places, a 
thin pseudocepsule may be evident but it is 
ordincrily net possible to enucleate the 
tumer cleanly from the kidney. 

The fact that growth may be extremely 
slow s indicated by a case reported by 
Klapproth ef a/.!° During a period of seven- 
teen vears, this patient complained of re- 
currert painless hematuria. When a lipo- 
matows tumor was removed, it was only 
1 em. in diameter. Such tumors may, how- 
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ever, reach a huge size and oae has been 
reported which attained a weizht of 3,500 
gm. With growth of the tumor, there is 
usually compression and resultant deform- 
ity of the collecting svstem of the kidney. 
Rarely, if ever, is there direc- infiltration 
into the pelvis or the calvces. More com- 
monly, growth of the tumor is peripheral, 
into and through the renal capsule, but 
even in such instances the adherent and 
infiltrated capsule can ordinacilv be iden- 
tified. 

In many cases, satellite nodules of similar 
character may occur within the kidney 
substance at some distance from the main 
tumor. The presence of more than one 
tumor within the kidney has sometimes 
been interpreted as evidence o local metas- 
tases’?! but it seems equally likely that a 
multicentric origin is the cause of this 
finding. 


CLINICAL FEATURES 


In the absence of tubercus sclerosis, 
hamartolipomas of the kidney are most 
commonly evident in the third to the fifth 
decades. It is frequent to obtain a history of 
a mass being present and growing slowly 
for several vears prior to the time of sur- 
gical intervention. According to the litera- 
ture, in the majority of instances, these 
tumors are detected as incidental findings 
because of the presence of a mass on abdom- 
inal palpation. In other cases, the patient 
presents with a historv of an episode or 
episodes of rather acute flank or abdominal 
pain. This was true in $ of the 6 cases 
included in this report. In such cases, 
operative intervention has demonstrated 
hemorrhage within or around the tumor or 
kidney which presumably was the cause of 
the pain. Hemorrhage or hematoma forma- 
tion of this tvpe is usually seen in the 
absence of any history of significant 
trauma. 

The fact that hemorrhage is common is of 
importance to the radiologis: because the 
characteristic roentgen feature of large 
lucent areas within a tumor mass may be 
partly obscured by the blood. Moreover, 
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perinephric hematoma formation may show 
all the roentgen features of a perinephric 
abscess. Hematuria is not a common find- 
ing. It was present in only 1 patient in the 
6 cases described in this report. 

In all reported series, the incidence in 
females is greater than in males by 2 or 3 to 
1. Of the 6 cases included in this report, all 
were females. 

These tumors are bilateral in a significant 
number of cases, perhaps about 10 per 
cent.? [n 2 of the 6 cases described below, 
the tumors were bilateral. This feature is of 
great clinical importance and must be care- 
fully investigated in everv case, since these 
tumors are difficult to eradicate without 
nephrectomy. If further experience should 
confirm the opinion that these tumors do 
not metastasize, it would appear to be 
reasonable not to risk the loss of normal 
renal tissue by attempting operative inter- 
vention on either side when bilateral tu- 
mors are present. In such cases, it is likely 
that both kidnevs will eventually be com- 
pletely destroyed and the patient will die 
of uremia, but this is not likely to occur for 
many vears. 


REPORT OF CASES 


Case 1. LE. This was a forty-one year old 
female admitted in 1946 with the chief com- 
plaint of sharp intermittent pain in the left 
lower quadrant of two days' duration. The 
pain was accompanied by nausea and vomiting 
and radiated toward the back. There was a 
history of low back pain for a period of about 
thirteen vears. 

Physical examination was negative except for 
the presence of a large tender mass in the left 
flank and moderate costovertebral angle tender- 
ness. Hemoglobin was 75 per cent, white blood 
cell count 8,600 cells per ml., with a normal 
differential count. Urine examination was not 
remarkable. Blood urea was not elevated. 
Intravenous pyelography was reported as 
showing distortion of the calyces in the upper 
pole of the left kidney. This was confirmed by 
retrograde pyelography. The appearance was 
described as characteristic of a renal neoplasm. 
A left nephrectomy was performed a few days 
after admission with the preoperative diagnosis 
of hypernephroma. 
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The specimen consisted of the kidney and 
the investing Gerota's fascia. A considerable 
amount of blood was present in the adherent 
perirenal soft tissues. The kidney weighed 450 
gm. and appeared to be enlarged and markedly 
deformed. The lower two-thirds of the kidney 
was replaced by a sharply circumscribed en- 
capsulated tumor about 12 cm. in length. The 
capsule of the kidney could easily be stripped 
except at the area of bulging of the tumor. On 
section, a markedly yellow tumor was found 
which surrounded and distorted the lower por- 
tion of the pelvis and the lower calyces; the 
upper third of the kidney appeared normal. 

Histologic diagnosis was originally a leiomyo- 
liposarcoma. The patient is alive and well 
fourteen vears after nephrectomy. The pathol- 
ogist has reviewed the slides and has changed 
the diagnosis to a benign tumor. 


Comment: This patient is entirely well 
fourteen years after nephrectomy for an 
intrarenal lipomatous tumor. The tumor 
was discovered because of an acute episode 
of pain, although “low back pain” had been 
present for many years. A perirenal hema- 
toma was found at exploration. The original 
pyelograms of this case are not available 
for review. It is likely, however, in view of 
the operative findings, that lucent areas 
within the tumor might have been evident 
on careful search. 


Case 11. S.M. This was a forty-six year old 
female admitted to this hospital in 1941 for 
exploration of a left flank mass known to have 
been present for at least two years. It had 
been discovered during examination after an 
automobile accident. There had been no evi- 
dent increase in the size of the mass during the 
two year period of observation. Intravenous 
pyelography performed one year prior to ad- 
mission demonstrated that the mass was in the 
left kidney and had compressed and distorted 
the inferior and middle calvces. 

Physical examination at the time of admis- 
sion was negative except for a grapefruit- 
sized mass in the left fank, which was ballotable 
but not tender. A plain roentgenogram of the 
abdomen did not show a distinct left renal out- 
line (Fig. ta). Intravenous pyelography again 
demonstrated compression and elevation of the 
middle infundibulum as well as the lower por- 
tion of the pelvis of the kidney (Fig. 14). A 
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Fic. 1. Case rn. (a) Despite the fact that a 
large tumor was easily palpab e on the left 
side, this roentgenogram of rhe abdomen 
shows little or no evidence of a mass. How- 
ever, the left renal outline canrot be clearly 
discerned. In the lower left flank (lower 
unlettered arrows) multiple irregular, faint, 
lucent areas are noted which dc not conform 
to normal fat collections or tc gas in loops 
of bowel. In the kidney area itself, an ir- 
regular, poorly demarcated, 'ucent region 
(lettered arrows) is present. (4) On this 
intravenous pyelogram, the lower border of 
the left kidney (arrows) is mere clearly in- 
dicated than in æ. It is not sharply demon- 
strated, however, because of superimposed 
lucent areas which extend diszally towards 
the iliac crest. The pelvis of che kidney is 
unfilled and the inferior calvces are dis- 
torted. The middle  infumdibulum is 
stretched. The uppermost cayces are di- 
lated. The appearance suggests a mass in 
the lower half of the kidney Comparison 
with æ shows that the area of this mass 
corresponds to the lucent regicn seen within 
the kidney on the preliminary roentgeno- 
gram. (c) Barium meal examination dem- 
onstrates that a large mass is Dresent which 
occupies the left flank, as ind'cated by dis- 
placement of loops of small bowel. The 

numercus partially confluent lucent areas (arrows) are more clearly shown in this reprodaction. These 

extenc into the kidney substance. 
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barium meal examination (Fig. 1c) showed 
marked displacement of the jejunal loops to- 
ward the midline. A left nephrectomy was 
performed. 

In the posterior aspect of the kidney were 
several masses, the largest of which measured 
12 cm. in diameter. These masses appeared to 
be well demarcated from the kidney paren- 
chyma and the portions that extended outward 
from the kidney were clearly delineated by a 
thin-walled translucent, in places hemorrhagic, 
capsule. On cut section, it was found to be soft 
and uniformly golden-yellow except for a large 
3.5 X 3.5 cm. area near the kidney surface which 
was grayish-yellow and firmer in consistency. 
The pelvis of the kidney was compressed by the 
mass. A large portion of normal kidney was 
preserved. 

The histologic diagnosis was lipomyosarcoma 
of the kidney but the pathologist included in 
his report the observation that the diagnosis of 
sarcoma was based on what was presumed to 
be an infiltrating character of the tumor as de- 
scribed by the surgeon. 


Comment: In this patient, an asympto- 
matic mass in the left kidney was dis- 
covered incidentally and did not change in 
size in a period of two years. This patient is 
alive and well nineteen years after ne- 
phrectomy. Review of the original roent- 
genograms shows lipomatous, ż.e., lucent 
areas, within the confines of the kidney 
tumor (Fig. 1, a, 7 and c). 


Case nr. B.S. This twenty-four year old 
female was admitted with the chief complaint 
of a painful mass in the right flank. This mass, 
noticed by the patient herself six months prior 
to admission, was said to have increased re- 
cently in size. Originally, the mass was not pain- 
ful or tender. However, seven days prior to 
admission, she began to complain of pain on 
the right side of the abdomen which radiated 
to the back. The pain increased in severity and 
was accompanied by nausea and rigidity of 
the right side of the abdomen. Within a period 
of four hours, however, the pain diminished. 
She was hospitalized elsewhere and it is known 
that the urine examination at that time showed 
no evidence of blood. Five days prior to admis- 
sion to this hospital, she showed temperature 
increases to 101° F. She received a blood trans- 
fusion one day prior to admission. 
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On admission, physical examination was 
negative except for a grapefruit-sized mass in 
the right upper and lower quadrants. The mass 
was smooth and not tender. Laboratory ex- 
amination showed a hemoglobin of 13.5 gm. 
per 100 cc., a white blood cell count of 4,500 
cells per ml. with a shift to the left. The urine 
was negative. Cystoscopy was within normal 
limits. Barium enema examination and gall- 
bladder study were negative except for marked 
caudad displacement of the hepatic flexure. 
Retrograde pyelography (Fig. 2) revealed 
the collecting system of the right kidney to 
be displaced towards the midline. In the kid- 
ney and immediately adjacent to the pelvis, 
multiple partially confluent lucent areas were 
evident. The right psoas margin could not be 
identified. There was a minimal scoliosis of the 
lumbar spine with convexity to the left. The 
presence of the lucent areas replacing the kid- 
ney parenchyma led to the preoperative 





Fic. 2. Case 1m. Right retrograde pyelogram. The 
renal outline cannot be discerned. The renal 
shadow is partially occupied by irregular lucent 
areas (arrows) which extend to the collecting sys- 
tem. The calyces are blunted or flattened. The 
collecting system and ureter are displaced towards 
the midline. The psoas margin is obliterated. 
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diagnoss of a lipomatous tumor of the kidney. 
Laparctomy revealed a large mass arising from 
the right kidney and displacing the hepatic 
flexure lownward. A smaller mass of similar 
consisteacy was felt in the left kidney. A right 
nephreccomy was performed. 

The pecimen showed a large subcapsular 
hemorrbage in the upper pole. Under the 
hemorrkage, there was a mass about 7 cm. in 
diamerer in the substance of the kidney. It was 
yellow `n color with several grayish-pink, firm 
areas w thin it. A number of yellowish satellite 
masses were scattered throughout the remain- 
ing por ion of the kidney. The renal pelvis ap- 
pearec normal. 

The aistologic diagnosis was multiple myo- 
lipomzta of the kidney. 


Corrnent: At operation in this patient, 
there was evidence on palpation of a soft, 
small mass in the left kidney in addition to 
the larze tumor of the right kidnev. This is 
presumed also to be lipomatous. The roent- 
genogrim of the abdomen taken during 
right -etrograde pyelography shows no 
definit? lucent areas within the lett kidney 
outline (Fig. 2). The patient's history of 
recent pain and increase in size of the mass 
may oe attributed to the subcapsular 
hematoma found at operation. This patient 
is alive and well one vear after discharge. 


Case tv. L.L. This fifty-one year old female 
was admitted with the chief complaint of right 
flank pain of five days’ duration. The history 
reveaiel intermittent episodes of left renal 
colic scx the preceding six years. 

Physical examination was negative except for 
a tend r mass in the right flank. Laboratory 
examiration revealed a hemoglobin of 9.6 gm. 
per 105 cc. and a white blood cell count of 
7,550 wells per ml. with a normal differential 
count. The urine analysis was normal. Sedi- 
mentazon time was 100 mm. per hour. A plain 
reentg: nogram of the abdomen showed obliter- 
ation cf the right psoas outline and a moderate 
scolios s of the lumbar spine. The kidney out- 
line wes obscured but appeared to be consider- 
ably enlarged. Intravenous pyelography re- 
vealed a moderate medial displacement of the 
collectng system of the right kidney and 
marked deformity and compression of the su- 
perior zalyx and infundibulum (Fig. 34). The 
dmgncsis of a perinephric collection, presum- 
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ably blood because of anemia, was made. At 
operation, a tense blueish mass was found in 
the right flank near the upper poe of the kid- 
ney. Nephectomy was performed. 

The specimen showed a mass 5X $ cm. within 
the upper pole of the kidney wità areas of fat 
and hemorrhage. There was a large subcapsular 
hematoma. The lower two-thirds of the kidney 
was normal. 

Histologic diagnosis was myelipoma with 
subcapsular hematoma. This pacent died two 
vears after nephrectomy from a coronary oc- 
clusion. Autopsy was not obtained. There had 
been no complaints referable tc the urinary 
tracts since the time of operatior. 


Comment: Careful retrospective exami- 
nation of the intravenous pvelogram of this 
patient shows a faint lucent area adjacent 
to the deformed superior infundibulum and 
calyx (Fig. 32). This was somewhat better 
seen on a roentgenogram of the abdomen 
taken six years previously (Fiz. 32) during 
an episode of left renal colic die to a small 
calculus. Tt is likely that the hemorrhages 
within the tumor as well as the subcapsular 
hematoma served to obscure the fatty 
areas, 


Case v. G.S. This twenty-nine year old fe- 
male was admitted with the chief complaint of 
right flank pain of three weeks’ duration. The 
pain started suddenly with raciation to the 
right shoulder while the patient was working in 
the office and necessitated morpaine injection. 
There was no hematuria or previous significant 
history. Two weeks prior to the onset of the 
severe pain, because of vague abdominal symp- 
toms, she had had a gallbladder series which 
was sald to have shown stones. 

Physical examination on admission was nega- 
tive except for a large mass in the right flank. 
Hemoglobin was g.4 gm. per ico cc. White 
blood cell count was 12,700 per ml. with a shift 
to the left. Urine was negative. Intravenous 
pyelography (Fig. 44) revealed somewhat di- 
minished function on the right. The pelvis and 
calyces were stretched and appeared to be uni- 
formly narrowed and displaced teward the mid- 
line. The renal outline could no: be discerned. 
In retrospect, numerous lucent areas can be 
seen within the kidney area anc. extending in- 
feriorly towards the iliac crest. The most 
marked deformity of the collecting system was 
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Vic. 3. Case 1v. (a) Intravenous pyelogram shows displacement of the right renal pelvis towards the midline. 
The superior infundibulum and calyx (arrow) are narrowed and deformed. The renal outline and psoas 
margin are obscured. On the original roentgenogram, a faint lucent area can be discerned adjacent to the 
deformed superior calyx. At operation, an intrarenal lipoma with numerous hemorrhagic areas was found 
in addition to a large subcapsular hematoma. (4) Roentgenogram taken six years before e because of left 
renal colic due to a ureteral stone. A faint lucent zone (between arrows) about 13 inches in diameter can be 
discerned within the upper pole of the right kidney. The outline of the kidney is clearly evident at this 


time. 


an inferior prolongation and stretching of the 
lowermost infundibulum. The significance of 
these roentgen findings or the significance of 
somewhat similar lucent areas within the out- 
line of the left kidney was not appreciated pre- 
operatively. After preparation with multiple 
transfusions, the patient was explored and a 
right nephrectomy was performed. 

The specimen consisted of a kidney weighing 
1,375 gm. and measuring 23X9.5X 5 cm. The 
surface of the kidney was lobulated but the 
reniform shape was retained. The capsule was 
stripped with difficulty and revealed a grayish- 
red surface showing numerous yellowish nodules 
varying in size from 3 mm. to g cm. The largest 
of these masses occupied the lower pole of the 
kidney. A section of the kidney revealed it to 
consist of numerous yellowish, glistening, fleshy 


nodules and hemorrhagic cystic areas filled with 
blood clot. There were only small areas of resid- 
ual renal parenchyma; within these areas tiny 
vellow nodules were also noted. There was no 
evidence of invasion of the ureter, renal pelvis 
or major branches of the renal artery and veins. 

Histologically, the tumor was a myolipoma 
with no evidence of malignancy. 

As a result of the findings, the pyelograms 
were reviewed and attention was called to the 
lucencies in the left kidney. Careful palpation 
of the left renal area confirmed the presence of 
a mass. Three months after the first operation, 
the patient was readmitted and intravenous 
pyelography was repeated. There was dilata- 
tion of the pelvis and calyces of the left kidney 
(Fig. 44), which, however, did not appear to 
be remarkably distorted or compressed. Only 
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Vic. 4. Case v (a) Intravenous pyelogram shows compression of the entire collecting system of the right 
kidney. The kidney outline is absent. Numerous band-like and more globular lucent areas (arrows) with 
intervening areas of water density occupy the renal area and extend inferiorly. (4) Intravenous py elogram 
three months after right nephrectomy shows moderate dilatation of the left pelvis and calyces. Only the 
upper lateral portion of the kidney outline (arrow A) is clearly demarcated from adjacent normal perirenal 
fat. Within the lower two-thirds of the kidney, there are numerous discrete and confluent lucent areas 
which replace the normal renal outline and extend inferiorly toward the iliac crest (arrow A to arrow C). 
Vledially, adjacent to the pelvis (arrows B), there is a more discrete globular lucent area which extends to 
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the upper portion of the lateral part of the 
lefr renal outline could be identified. The lower 
pole wzs completely obliterated or effaced by 
an irregular, mottled, poorly demarcated group 
of shadows with many lucent areas within it. 
Apparently located medial to the pelvis of the 
kidney there was a somewhat more discrete, 
lucent, ovoid area with streaks of water density 
within it. The left renal area was explored and 
a mass was found within the kidney extending 
into the adjacent soft tissues. It was clear, 
however, that this tumor could not be removed 
without removing the kidney. As a result, only 
a biopsy was performed. The biopsy was re- 
ported as myolipoma. Postoperatively, the pa- 
tient bed briskly from the wound. This was 
brough- under control, but ten days after dis- 
charge from the hospital rather massive bleed- 
ing recurred and the patient died. 


Comment: 'This patient demonstrates the 
difficult clinical problem when renal lipo- 
mata are bilateral. In retrospect, it would 
have been wiser not to have explored the 
second kidnev to determine the possibility 
of removal. In fact, it can be argued that, if 
the status had been correctly evaluated, 
neither kidnev should have been explored. 

Case vi. L.G. This was a fifty-two year old 
female who entered the hospital with the chief 
complaint of pain in the left flank. There was 
no history of hematuria. 

Physical examination was negative except 
for a ballotable and slightly tender mass in the 
left flank. Blood pressure was 130/70. Labora- 
tory examination showed a hemoglobin of 9.6 
gm., a white blood cell count of 12,400 per ml. 
with a slight shift to the left. Urine examina- 





Fic. 5. Case vi. Intravenous pyelogram shows eleva- 
tion of the collecting system and stretching of the 
inferior calyces. Only the superior lateral margin 
of the kidney outline (upper arrow) is evident 
Within the lower pole of the kidney, a globular 
lucent zone (lower arrows) is present which is 
capped inferiorly by a large crescentic area of 
water density. The psoas margin can be faintly 
seen through the mass. 


tion was not remarkable. Sedimentation time 
was 4 mm, in the first hour. Roentgenography 
of the abdomen and intravenous pyelography 
(Fig. 5) showed a mass in the lower pole of the 
left kidney. There was displacement and dis- 
tortion of the lowermost calyces. The renal 
outline of the lower half of the kidney could not 
be seen. Within the lower pole of the kidney, 
there was a very poorly demarcated, markedly 
lucent, somewhat spherical lesion with faint, 
somewhat beaded, linear densities extending 
through it. At operation, the presence of a mass 
in the lower pole of the left kidney was con- 
firmed and nephrectomy was performed. 

The specimen showed a rather soft mass 
about 12 cm. in diameter. It was well circum- 
scribed, was entirely within the kidney paren- 
chyma and contained areas of necrosis and 
hemorrhage. In discrete areas, distinct yellow- 
ish fat was discernible. 

Histologic report was myolipoma of the 
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kidney. There was no evidence of any malig- 
nant change. The patient is alive and well four 
years after nephrectomy. 

Comment: The roentgen features (Fig. 5) 
in this case correspond exactly to the 
anatomic findings, since this lesion was 
discrete and was confined to the kidney. 


ROENTGEN FEATURES 


The roentgen features of lipomata of the 
kidney may be divided into two groups: 
(1) findings indicative of a mass and (2) 
findings indicative of fatty tissue within 
the mass. The first group includes deform- 
ity and compression of the kidney pelvis 
and calyces characteristic of anv intrarenal 
mass (Fig. 14). In the case of a lipoma, 
invasion of the collecting system and 
bizarre deformities are unlikely. Displace- 
ment of the pelvis and calyces as a whole 
(Fig. 2 and 5) is a more common finding in 
a lipomatous tumor than in a hyper- 
nephroma, presumably because of its slow 
growth. This generalized displacement of 
the collecting system may be quite marked 
in the larger tumors when extrinsic growth 
is extensive. In such cases, there may also 
be obvious displacement of adjacent small 
bowel loops (Fig. 1c) and colon. 

The presence of a renal lipomatous tu- 
mor which, clinically, is easily palpable 
may be completely overlooked roentgen- 
ologically unless pyelography is performed. 
Moreover, if attention is given exclusively 
to the deformed collecting system, the 
extent of the tumor will usually be under- 
estimated. The reason for this is that the 
usual roentgen feature of a large kidney 
mass, that is, a uniformly dense globular 
area continuous with but protruding from 
the kidney outline, is absent. Since a 
lipomatous tumor has a decreased density, 
the kidney outline is completely lost or 
markedly obscured at the site of the tumor 
(Fig. 14, 2, 44, 42, and 5). Moreover, no 
clear-cut periphery of soft tissue or water 
density is present outlining the limits of the 
tumor. Instead, a nondemarcated, non- 
descript, mottled shadow consisting of ir- 
regular lucent zones interspersed with 





Fic. 5. P. rirenal lipoma. The sharply outlined la- 
teral aspect of the kidney is compressed and 


straightened (medial arrows). The kidney is 
elongated and displaced toward the midline. The 
pelvis a ad calyces are within normal limits. A mass 
compes-d of mottled lucent areas is immediately 
adjacen . to the kidney. The lower margin of the 
tumori demarcated by a capsule of water density 
(lawer wo arrows) from the adjacent normally 
ho:nogeaeous retroperitoneal fat. 


equally rregular areas of water density is 
present “Fig. 1c, 2, and 4, a and 4). The 
lucent a-eas may be quite obvious (Fig. 2 
and 5) bit frequently they are so faint that 
intentional and careful search for them 
must be made. It may be necessary to 
repeat he roentgenographic study with 
better t-chnique before the appearance is 
conrinemg. In most instances, the config- 
uration of the lucent areas has no resem- 
blarce t» gas in the bowel. Moreover, a gas 
filled pertion of the bowel shows con- 
siderabl- greater lucency than a collection 
of fat o: similar size. If there is any ques- 
tion, repeat examination including oblique 
views wall demonstrate the constancy of 
the luceat areas and confirm their relation- 
ship to he kidney or retroperitoneal area. 
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Theoretically, laminagraphy should also be 
useful for this purpose. In those cases in 
which the lucent areas are immediately 
adjacent to the pelvis and calyces (Fig. 
2 and 5), there can be little doubt of the 
intrarenal location of the tumor. Unfor- 
tunately, even in such instances, hemor- 
rhage within the tumor may obscure the 
original lucent zone (Fig. 3, 4 and 7). 
Further diagnostic difficulty may arise as 
a result of perirenal hemorrhage which may 
exactly simulate, roentgenologically, a peri- 
nephric abscess. 

In contrast to an intrarenal lipomatous 
tumor, a retroperitoneal tumor containing 
fat rarely shows evidence of extension into 
the kidney substance or deformity of the 
pelvis or calyces indicative of an intrinsic 
mass. There may be extrinsic compression 
of the kidney or marked dislocation of this 
organ as a whole. A distinction can some- 
times be made between a perirenal lipo- 
matous tumor (Fig. 6) and a similar tumor 
arising elesewhere in the retroperitoneal 
tissues on the basis of the location of the 
mass. Perirenal lipomatous tumors may 
have a somewhat better prognosis than 
other retroperitoneal tumors because com- 
plete excision is more likely to be feasible. 

Renal lipomata must also be distin- 
guished from renal replacement lipomato- 
sis. This condition is usually associated 
with inflammatory disease and contraction 
of the kidney such as occurs in calculous 
pyelonephritis. Excess inflamed fat is found 
within the hilus of the kidney as well as 
surrounding the kidney. The outer aspects 
of the opacified pelvis and calyces may be 
rather uniformly outlined by such fat 
deposits. Recognition of the more uniform 
distribution of this fat and the basic under- 
lying disease serve to differentiate this 
condition from a lipomatous tumor. 

Since lipomata of the kidney may be 
multiple and bilateral, the deformity of the 
pelvis and calyces may simulate polycystic 
kidneys." It is essential in such cases to 
recognize the numerous lucent zones indic- 
ative of the presence of fat within the 
masses. 
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There are 4 cases of hamartolipomata of 
the kidney reported in the literature!?5.20.2 
in which aortographv was utilized for 
diagnostic purposes. Puddling of the 
opaque material as well as vascular dis- 
placements were demonstrated which re- 
sembled the findings seen with hyper- 
nephromata. It would seem, therefore, that 
this is not a useful technique for differential 
diagnosis in such SHE. 


SUMMARY 


Lipomatous tumors of the kidnev are 
uncommon lesions. Their true incidence is 
difficult to establish because of confusion in 
terminology. Such tumors have been vari- 
ously designated as lipomata, liposarco- 

mata, angiolipomata, leiomyolipomata, 
angiofibrolipomata nephrolipomata, and 
hamartomata. Histologically, the term 
“myolipoma’’seems most apt, since muscle 
elements as well as fat are present. Patho- 
genetically, the term hamartolipoma ap- 
pears most suitable, since it is likely that 
such tumors arise from embryonic rests. 

A review of the literature as well as the 
features of the reported group of cases 
indicates that lipomatous tumors of the 
kidney are benign. There is no documented 
case which has shown evidence of metas- 
tases. For this reason, it is of clinical im- 
portance to distinguish this type of tumor 
from similar or mixed retroperitoneal tu- 
mors, which metastasize in a significant 
number of cases. Moreover, complete sur- 
gical removal of an intrarenal lipoma is 
usually less difficult than removal of a 
retroperitoneal tumor. 

Six cases of renal hamartolipomata are 
presented in this report. In 5, the present- 
ing sy ‘mptom was a painful mass. All cases 
were in females. None suffered from tuber- 
ous sclerosis. In 2 cases, bilateral tumors 
were present. All patients were operated 
upon. Four are alive and well nineteen, 
fourteen, four and one year after surgery. 
One patient died subsequent to exploration 
of the left kidney after right nephrectomy, 
and the sixth from coronary occlusion. 

The roentgen features of renal lipomata 
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are usually sufficiently clear-cut to warrant 
a correct preoperative diagnosis. The diag- 
nosis is based on the demonstration of a 
mass within the kidney containing lucent, 
ie., fatty, areas. 


Mansho T. Khilnani, M.B. 
Department of Radiology 

The Mount Sinai Hospital 
11 East 100 Street 

New York 29, New York 
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PULMONARY HAMARTOMA* 


By CARL E. GUDBJERG, M.D. 


COPENHAGEN, DENMARK 


LTHOUGH, according to Bateson and 

- Abbott,! only 253 cases of pulmonary 
hamartoma were on record up to October, 
1960, the literature is now so comprehen- 
sive that it seems superfluous to survey the 
history and the gross, microscopic, and 
usual roentgen findings of the lesion. 

The object of the present paper is to re- 
port an additional to cases which differ in 
various ways from the series published so 
far. 

All the patients were operated upon in 
the Departments of Thoracic Surgery of 
the University Hospital, Copenhagen, dur- 


case. 


REPORT OF CASES 


Case 1 (Fig. 1, 4 and B). A female, aged 
five, with a history of operation for hiatal 
hernia at the age of three. After the operation, 
she thrived but continued having attacks of 
vomiting. Follow-up roentgen examination of 
the esophagus two years later showed a rounded 
well-defined, large mass located basally in the 
left lung, behind the heart, and unrelated to 
the esophagus. There was no visible calcifica- 
tion within the contours of the lesion. Left 
sided thoracotomy was performed. Posteriorly 
in the lower lobe, a firm, nodular tumor the size 
of a tangerine was palpable. Lobectomy and 
herniotomy were done and the postoperative 
course was uneventful. Gross and microscopic 
study revealed a typical hamartoma. 


Case u (Fig. 2). A male, aged fifty-six, who 
had always been in good health. At a routine 
examination, the chest roentgenogram showed 
a cherry-sized, homogeneous, smooth-mar- 
gined, well-defined, nonlobulated opacity situ- 
ated anteriorly in the right upper lobe. There 
was no visible calcification or cavitation. The 
surrounding pulmonary tissue was normal. 
Laboratory studies and bronchoscopy showed 
no abnormalities. Right-sided thoracotomy re- 


vealed, anteriorly in the upper lobe and close to 
the surface, a round, firm nodule which was 
shelled out easily. Gross and microscopic ex- 
amination showed a typical hamartoma. The 
postoperative course was uneventful. 


Case 11 (Fig. 3, 4 and B). A female, aged 
ten, who had previously been in good health. 
Three months before admission, she began to 
have a cough productive of blood-tinged 
sputum. Laboratory findings were normal; in 
particular, there were no signs of tuberculosis. 
Chest roentgenography revealed atelectasis of 
the apical segment of the left upper lobe. 
Laminagraphy disclosed one large and several 
smaller cavities within the infiltrated area, but 
no visible calcification. On left-sided thora- 
cotomy, the apicoposterior segment of the 
upper lobe was found to be atelectatic, shrunken 
and firmly infiltrated. The area was resected 
and the postoperative course was uneventful. 
Gross and microscopic study revealed a typical 
hamartoma with a walnut-sized cavity lined 
with respiratory epithelium. 


Case 1v (Fig. 4). A male, aged thirty-eight, 
who had been in good health up to the age of 
twenty. After that age, he had had repeated 
episodes of hemoptysis, but there had been a 
symptom free period of about thirteen years. 
During the two years preceding hospitaliza- 
tion, he had again developed hemoptyses and 
cough. Laboratory studies showed no ab- 
normalities; specifically, no tubercle bacilli. 
Bronchoscopy revealed some sanguineous se- 
cretion in the branch leading to the apical seg- 
ment of the right lower lobe, but no other ab- 
normalities. Roentgenograms of the lungs 
showed an ill-defined infiltration, the size of 
the palm of a hand, at the site of the right lower 
lobe, but no cavitation or calcification. The 
same appearances were seen at laminagraphy, 
and bronchography showed normal conditions 
apart from some shrinkage of the lower lobe. 
Right-sided thoracotomy was performed with 
removal of the lower lobe, which was small and 
partially atelectatic. No tumors were palpable 
but, after the bronchial branches had been cut, 


* From the X-Ray Department and the Departments of Thoracic Surgery, Rigshospitalet, University Hospital of Copenhagen, 
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Pulmonary Hamartoma 


Fro. 1. Case L 7) Big, round, well-defined hamartoma in the left lower lobe, visible through the heart 
shadow. (B) Lateral view. 


the mucous membrane was found to be greatly 
thickenel and vascular immediately before 
the brarching cf the bronchus to the apical 
segment Histologic examination of this area 
revealed a typical hamartoma. The postopera- 
tive couzse was uneventful. 


Case v (Fig. 5, Æ and B). A male, aged 
sixty-eigat, who had always been in good health. 
Six weeks prior to admission, he started having 
cough and hemoptyses, but no other sym- 
toms. Leboratory findings were normal. Bron- 
choscopy showed a grayish-red tumor in the 
bronchu: to the apical segment in the right 
lower love. Roentgenograms of the lungs re- 
vealed a large, somewhat rounded, and fairly 
welldefiaed opacity beneath and behind the 
right hilas, at the site of the apical segment of 
the lowe- lobe. On the anteroposterior views it 
was part ally hidden by the heart. There was no 
cavitati or calcification within the opacity. 
Bronchozraphy showed nonfilling of the apical 
segment of the lower lobe, but no other ab- 
normal:tes. Right-sided thoracotomy disclosed 
grape-like, firm, whitish masses of tumor tissue 
in the ap cal segment of the lower lobe, and the 
segment was resected. There was an uneventful 
postoperative course. Histologic examination 
showed 2 hamartoma. 


Case vi (Fig. 6). A male, aged forty, with a 
history of right-sided pleurisy during adoles- 
cence. No other serious illnesses had been ex- 
perienced; specifically, none with pulmonary 
symptoms. While he was in the hospital be- 
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Fic. 2. Case 11. Small hamartoma in the anterior 
segment of the right upper lobe. 






Fic. 3. 


Case 11. (4) Segmental collapse of the left 
upper lobe due to an endobronchial hamartoma. 


(B) Laminagrams showing translucent 


within the infiltration. 


areas 


cause of an injury to the knee, routine chest 
roentgenograms showed, apart from the se- 
quelae of pleurisy, a walnut-sized, well-defined, 
rounded, homogeneous mass located periph- 
erally in the anterior upper lobe segment on 
the left. Laminagrams showed no cavitation 
or calcifications within this opacity. Labora- 
tory and bronchoscopic findings were normal. 
On left-sided thoracotomy, a firm, nodular tu- 
mor was found superficially situated in the 
anterior upper lobe segment and it was shelled 
out with ease. It was grossly as well as micro- 
sccpically a typical hamartoma. There was an 
uneventful postoperative course. 
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Fic. 4. Case 1v. Increased density of the right lower 
lobe due to an endobronchial hamartoma. 


Case vir (Fig. 7). A male, aged sixty-six, 
with a history of moderate cardiac symptoms 
during recent years, but no serious illnesses 
and no pulmonary symptoms. Routine chest 
roentgenograms revealed in the left lung field, 
behind the hilus, basally located in the upper 
lobe or apically in the lower lobe, a well-de- 
fined, somewhat lobular, homogeneous mass 
the size of a walnut. No cavitation and no 
calcifications were seen and the pulmonary 
structures in the surrounding areas were normal. 
There was some increase in the width of the 
cardiovascular shadow. Laboratory studies and 
bronchoscopy showed no abnormalities. Left- 
sided thoracotomy revealed, basally located in 
the upper lobe, a round, firm tumor the size of 
a walnut, which was shelled out easily. On gross 
and microscopic examination it was found to be 
a typical hamartoma. There was an uneventful 
postoperative course. 


Case viii (Fig. 8, 4 and B). A female, aged 
sixty-one with a history of supravaginal hys- 
terectomy due to menorrhagia at the age of 
fifty. There had been no other serious illnesses. 
Owing to mild dyspeptic complaints, as an out- 
patient roentgen examination of the colon and 
stamach was done, but it showed no abnor- 
Routine roentgenograms of the 
lungs revealed, in the right lung field at the 
site of the anterobasal lower lobe segment, a 
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lG. 5. Case v. (4) Frontal view and (B) lateral view showing increased density of the apical segment of the 
right lower lobe due to an endobronchial hamartoma. 


well-defined, homogeneous, smooth-margined middle lobe, a well-defined, firm nodule which 

mass aout the size of a hazel nut; surrounded could be shelled out easily. Gross and micro- 

by nomnal lung tissue. There was no visible scopic examination showed a typical hamar- 

cavitamon or calcification at the site of the toma. There was an uneventful postoperative 

opacity. Laboratory findings were normal. course. 

Right- ided thoracotomy revealed in the lower 

lobe, jest below the surface and adjacent to the Case 1x (lig. 9, 4 and B). A male, aged 
i fifty-seven, who had always been in good 





Fie. 6. Case vi. Laminagram showing a well-defined 
slight -y lobulated hamartoma in the anterior seg- Fic. 7. Case vir. Well-defined, slightly lobulated 
ment »f the left upper lobe. hamartoma in the left upper lobe. 
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health. During the two months preceding ad- 
mission, there had been moderate cough pro- 
ductive of sputum, which had once been blood 
tinged. There were no other clinical symptoms. 
Laboratory findings were normal; specifically, 
no signs of tuberculosis. Bronchoscopy showed 
no abnormalities. Roentgenograms of the 
chest demonstrated a homogeneous, well-de- 
fined, rounded, somewhat lobulated mass, the 
size of a hazel nut, located above the rigat dome 
of the diaphragm at the site of the middle lobe. 
The surrounding lung tissue was normal. 
Laminagraphy did not reveal any cavitation or 
calcification within the opacity. Right-sided 
thoracotomy disclosed a firm infiltration, the 
size of a walnut, close to the pleura. Middle 
lobectomy was performed and gross as well as 
microscopic examination revealed a typical 
hamartoma. The postoperative course was un- 
eventtul. 


Case x (Fig. 10, Æ and B). A female, aged 
seven, who had always had a tendency to be- 
come short of breath and to catch infectious 
diseases. During the six months preceding 
hospitalization she had had pneumonia three 
times. She was admitted with dyspnea and a 
new attack of fever. Hemoglobin was 80 per 
cent; erythrocyte sedimentation rate, 93 mm. 
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Bronchoscopy showed the right main brenchus 
to be greatly narrowed, not admitting the 
bronchoscope, but no tumor tissue or foreign 
body was visible. Roentgen examination of the 
lungs demonstrated total atelectasis on the 
right with marked displacement of the medias- 
tinum to the right. Centrally in the right lung 
around the main bronchus there was a large, 
irregular patch of calcification. Laminagrams 
did not show any necrotic cavities. On right- 
sided thoracotomy, the lower lobe was found to 
be small and atelectatic. The upper lobe was 
dificult to distinguish from a nodular tumor 
which was larger than a closed fist and which 
adhered to the pericardium inferoanteriorly, to 
the superior vena cava, and to the pulmonary 
artery, and was difficult to free. Lobectomy 
was technically out of the question, so pneu- 
monectomy was performed. Examination of 
the removed specimen showed that the lower 
lobe bronchus was free but that it had been 
completely compressed by the large tumor 
situated in the upper lobe. The tumor was solid, 
grayish white, and of uniform structure with 
diffuse patches of calcification. Microscopic 
examination revealed that it was a typical 
hamartoma. The postoperative course was un- 
eventful. 





Fic. 3. Case vir. (4) Small, round, well-defined hamartoma without lobulation in the anterior segment of 
the right lower lobe. (B) Lateral view. 
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Fic. 9. Case 1x. (4) Well-defined, lobulated hamartoma in the right middle lobe. (5j Lateral view. 


COMMENT 


Intrapulmonary Hamartomas. Cases 11, 
vi, vii and vir were of the intrapulmo- 
nary type. There had been no clinical symp- 
toms or signs, and all were detected by 
chance. Case 1x also belongs to the intra- 
pulmenary type, but for some unknown 
reasor the tumor had given rise to cough 
and hemoptysis, which led to its detection. 
In Case 1, which likewise is of the intra- 
pulmenary type, there had been no symp- 
toms and the tumor was detected by 
chance; however, it is distinguished by its 
size and by the fact that the patient was 
only five years of age. 

Encobronchial Hamartomas. The remain- 
ing four cases were of the endobronchial 
type. The roentgen findings in Cases 111, 
iv anc v were of segmental atelectasis due 
to obstruction and in Case x of unilateral 
total atelectasis due to obstruction as well 
as compression. In the last mentioned case 
the tumor was invasive, adhering to the 
pericardium and great vessels, but without 
any signs of malignancy. All 4 patients had 
clinical symptoms or signs: cough, expec- 
torat'on and hemoptysis in 3, dyspnea and 


recurrent attacks of fever in 1 (Case x). 
Only in 1 case (Case x) was calcification 
found in the hamartoma. 


DISCUSSION 


Practically all authors up to 1955 re- 
port that deposition of calcium is an 
important diagnostic criterion of pulmon- 
ary hamartoma. Lemon and Good? were the 
first to emphasize the uncertainty of roent- 
genographically demonstrating calcium 
within the opacity. Bleyer and Marks? state 
frankly that calcification is not of much 
diagnostic aid, since it is hardly demon- 
strable in more than about 15 per cent. 
Of the 15 cases of Bateson and Abbott, 
calcifications were roentgenographically 
demonstrated in 2, and in the present series 
of 10 patients in only 1. 

As regards the sex ratio, most authors 
report a marked male preponderance 
(Hickey and Simpson’ 4:1, McDonald eż 
al.® 3:1, and Carlsen and Kiaer* 3.5:1). In 
Lemon and Good's? series of 15 cases, the 
ratio was 2:1; while in Bleyer and Mark’s? 
series and in the present report this pre- 


Fic. 10. Case x. (4) Total atelectasis of the right 
lung due to a hamartoma in the upper lobe. The 
bronchus of the upper lobe is blocked by the tumor 
and the bronchi of the middle and lower lobes are 
compressed by it. (B) Laminagrams showing pro- 
nounced calcifications within the tumor. 


ponderance was practically nonexistent 
(14:11 and 6:4, respectively). 
Most authors have mentioned the strik- 


ing fact that a disease which, judging from 
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all findings, is congenital is uncommon 
among children and adolescents. Blever 
and Marks? even use this fact as an aid in 
differentiating between tuberculoma and 
hamartoma, stating that only 4 per cent 
of hamartomas occur in patients under 
forty years of age. This is at variance with 
the present findings, 5 of 10 patients (5o 
per cent) being under forty and 3 of these 
(30 per cent) under ten years of age. 

As far as the location is concerned, 
Bragg and Levene? reported the distribu- 
tion to be proportional to the size of the 
individual lobes, the right lower lobe being 
most commonly involved. Lemon and 
Good? had a right-sided preponderance of 
3:1. In the present series the ratio is 6:4; 
while Bleyer and Marks? had only 6 right- 
sided cases in 25. 

Within the pulmonary tissue proper, the 
tumor is most often in a fairly superficial, 
often subpleural location. It is important 
to bear in mind, however, that the hamar- 
toma may affect any part of the lung, and 
that a distinction must be made between 
the type which is remote from and the one 
which is close to the bronchus, ż.e., the 
intrapulmonary as opposed to the endo- 
bronchial type. The latter gives rise to 
bronchial irritation leading to cough and 
expectoration and in some cases hemop- 
tysis (Cases 11, Iv and v). Roentgeno- 
logically, the appearance is characterized 
by atelectasis at the site of the involved 
area. In the more unusual cases of pro- 
nounced obstruction, the clinical signs are 
dyspnea and recurrent pneumonia (Case 
X). 

The intrapulmonary type is more com- 
mon, presenting roentgenologically as a 
roundish, smooth-margined, well-defined, 
and frequently somewhat lobulated mass 
(coin lesion) with normal surrounding 
lung tissue. It seldom gives rise to symp- 
toms, but according to the literature it may 
at times cause pain, possibly due to pres- 
sure upon intercostal nerves (Bateson and 
Abbott!). 

In the present series 6 were intrapul- 
monary. Only 1 of these patients (Case 1x) 
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had clinical symptoms, which were in the 
form o£ bronchial irritation causing cough 
and hemoptysis on one occasion. The ex- 
planation is not known. 

According to Bateson and Abbott! in a 
review of the 253 published cases of pulmo- 
nary hamartoma, 226 belonged to the intra- 







pulmonary and only 27 to the endo- 
bronchial tvpe. This report adds 10 cases, 
6 of them intrapulmonary and 4 endo- 
bronchial, 


SUMMARY 


Ten new cases of pulmonary hamartoma 
are reported. Six were of the more common 
intrapulmonary type showing tke usual 
roentgen appearance (coin lesion), and only 
1 of these 6 patients had clinical symptoms 
of Re Ue disease. The remaining 4 
cases belonged to the very rare endo- 
bronchial type, which has been reported 
previously in only 27 instances. This type 
is characterized roentgenologically by ob- 
struction atelectasis and gives rise to clin- 
ical symptoms and signs, viz, cough, ex- 
pectorztion and, in some cases, hemoptysis 
and recurrent pneumonia. Five of the pa- 
tients were under forty years of age, 3 of 
them being under ten vears of age. 
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CYSTITIS EMPHYSEMATOSA* 


19 CASES WITH INTRALUMINAL AND INTERSTITIAL 
COLLECTIONS OF GAS 


By HARRY BAILEY, M.B., Cu.B. 
BOSTON, MASSACHUSETTS 


dq: presence of gas in the urinary 
bladder, although stated to be a rare 
condition, has been the subject of numerous 
reports in the medical literature. 

Cystitis emphysematosa, the presence of 
gas vesicles in the wall of the bladder, has 
been arbitrarily distinguished from primary 
pneumaturia, the presence of gas in the 
lumen of the bladder, with or without its 
passage via the urethra. There appears to 
be no justification for this distinction since 
they would appear to be different and oc- 
casionally concomitant stages of the same 
basic disease process with common etio- 
logic factors. Despite this, separate and 
exclusive literatures have developed under 
each heading, and the essential identity of 
the two conditions has not been stressed. 


PRIMARY PNEUMATURIA 


The literature on primary pneumaturia 
is considerably more voluminous than that 
on cystitis emphysematosa and dates back 
to 1671, when, in a publication entitled 
"Curiosities of Nature" a case was de- 
scribed in which gas was found in the uri- 
nary bladder.?? In 1825 Boismont made ref- 
erence to spontaneous formation of gas in 
the bladder,* and in 1882 Keyes" reported 
the first 2 cases in the American literature, 
although these were apparently the result 
of instrumentation. Senator” was the first 
to propose a classification of causes of gas 
in the bladder in 1891. He divided cases 
into three groups: (1) those due to instru- 
mentation, (2) those due to the presence of 
fistulous connections between the bladder 
and the bowel, and (3) spontaneous forma- 
tion of gas in the bladder. In this latter 
group are the cases with which we are deal- 
ing when we speak about "primary" pneu- 


maturia and cystitis emphysematosa, al- 
though it is not always possible to distin- 
guish with certainty between group 1 and 
group 3. In 1898 Kelly and MacCallum” 
reviewed the literature and were able to 
find 16 cases of gas in the bladder due to 
fermentation. Nine of the 16 had glycosuria 
and several of the cases had an associated 
obstruction of the lower urinary tract. 
There were no bacteriologic studies of these 
early cases. Mulsow and Gillies? are credi- 
ted with the first report of a patient in 
whom the diagnosis of pneumaturia was 
made roentgenographically. 

Between 1898 and 1948 there were many 
isolated case reports, the majority being 
in the German literature. In 1948 Arthur 
and Johnson! reported a case in a diabetic 
female in which E. coli was the organism in- 
criminated as the cause of the underlying 
cystitis. They were able to find 25 cases in 
the literature with their own being the 26th. 
Of these only 5 were found in the American 
literature. Spring and Hymes" again re- 
viewed the literature in 1952 and were able 
to find 38 cases, with glycosuria being pre- 
sent in 21 of these. They tabulated the 
glycosuric and nonglycosuric cases and 
showed that the responsible organism in 
the majority was either Æ. coli or Aerobacter 
aerogenes with inconstant findings of other 
organisms, including B. proteus, Staph. 
aureus, Streptococci, Nocardia, yeasts and 
in one case B. Friedlander. (It is worthy of 
note that /ferobacter aerogenes and B. Fried- 
lander are bacteriologically indistinguish- 
able and are only recognized as different 
entities by the different pathologic condi- 
tions which they produce. It would seem 
highly likely that the infecting organism in 
the case cited was, as in many of the re- 


* From the Department of Roentgenology, New England Deaconess Hospital, Boston, Massachusetts. 
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maining reports, /ferobacter aerogenes also.) 
They were likewise able to find a high inci- 
dence əf urinary retention due to a variety 
of causes including benign prostatic hyper- 
trophy, cord bladder, and diverticula of 
the bladder. There was invariably an asso- 
ciated infection. Since that time several 
other cases have been reported.? ^ 517.9 All 
of these cases were diabetic patients. A fur- 
ther case has been noted by Kent! who re- 
ported. in addition, 3 cases with gas in the 
urinarr bladder, apparently due to fistulous 
conneccions between the bladder and the 
gastroistestinal tract. 

Fineman e£ al.’ were able to find only 4 
references to the roentgenologic diagnosis 
of prrnary pneumaturia. Boijsen and 
Lewis- onsson? were the first authors to 
hint at the identitv of primary pneumatu- 
ria and cystitis emphysematosa. Their 
paper «ontains references to the literature 
under both headings and the roentgeno- 
grams reproduced in their paper clearly 
show, cs do roentgenograms reproduced in 
other papers on cystitis emphysematosa, 
the presence of gas both in the lumen of the 
bladde: and within the bladder wall. 
Thomas and Sandler? in reporting their 
case, state that cystitis emphysematosa oc- 
curs on y rarely with pneumaturia. 








CYSTITIS EMPHYSEMATOSA 

The condition “cystitis emphysematosa”’ 
was orginally described as a pathologic 
entity caly. Hueper,? in 1926, described the 
changes of cystitis emphysematosa in a fe- 
male dez which was submitted to him for 
autopsr. The dog proved to have glycosu- 
ria, hyperglycemia and changes in the pan- 
creas Which included complete absence of 
islets of Langerhans. No bacteriologic stud- 
ies were made. He described an additional 
11 clintzal cases collected from the litera- 
ture, but there are few clinical data on these 
cases aad there were apparently no ade- 
quate uvmary studies. To Mills!5-? goes the 
credit for giving excellent pathologic de- 
scriptio 3s in a series of 12 cases reported in 
1930. These were all seen at autopsy. 
Originady, he was uncertain as to whether 
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8st 
the findings represented postmortem 
changes or results of disease in the living 
subject. However, he eventually came to 
the conclusion that the disease was a clini- 
cal entity and that it would ultimately be 
demonstrated in a living subject. None of 
Mills’ patients were diabetics, but he 
pointed out that 2 of his subjects had had 
repeated intravenous glucose ir fusions. The 
presence of glycosuria in these 2 patients 
was not stated. His predictions regarding 
the discovery of cystitis emphysematosa in 
a living subject were shortly confirmed bv 
Ravich and Katzen,” who reported a case 
in a living patient with recovery. Following 
this, several observers noted the condition 
on cystoscopic examination of the bladder. 
Burrell‘ gave a description of the cystoscop- 
ic appearances in a nondiabetic and was 
able to reproduce the conditicn by means 
of an ingenious experiment. He produced a 
chemical cystitis by means of silver nitrate 
in a male rabbit made glycosuric by the in- 
travenous infusion of glucose and then 
inoculated the bladder with the responsible 
organism (Æ. coli) from a patient having 
cystitis emphysematosa. The rabbit devel- 
oped the tvpical changes in the bladder 
wall. Other descriptions of cystoscopic 
findings were given by Levin, Lund e a/.,¥ 
Marquardt, ^ and Burns? Lund e al. were 
able to collect gas from the vesicles and 
found it to be carbon dioxide. 

Wells,*? in 1938, reported 7 cases of cys- 
titis emphysematosa. Onlv one case had 
glycosuria and he stated that he could find 
that neither glycosuria nor trauma were 
significant etiologic factors. He also de- 
scribed the pathologic findings in a subse- 
quent paper. In 1949, Teasley?’ reviewed 
the 43 cases in the literature and added one 
case of his own, a diabetic patieat. Seven of 
these were in diabetics. He cited infection 
with Æ. coli and hyperglycemia as common 
findings (although sufficient. bacteriologic 
and urinary data were not available on 
many of the earlier cases, as previously 
noted). Since that time cases heve been re- 
ported by Milner e a/.,% Fainzold e a. 
Zatzkin,? Lane and Francke,? and Sotero- 
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poulos e£ al. Faingold and co-workers'* 4 
cases all showed glycosuria, 2 of them being 
confirmed diabetics, the remaining 2 having 
glycosuria at some time during the course of 
their illness but with diabetes not definitely 
established. Three of these had Æ. coli as 
the infecting organism and the diagnosis 
was made roentgenologically in all 4 cases. 
They pointed out that the condition was 
transitory in nature and offered this as an 
explanation for its apparent rarity as a 
diagnosis. Zatzkin's? case was in a patient 
who had glycosuria associated with hemo- 
chromatosis. The infecting organism was 
not stated. The case of Soteropoulos et 4/.5 
was in a diabetic and is of interest as being 
the first reported case in which the vesicles 
were seen to extend into the distal third of 
both ureters. They cultured Æ. coli and 
Aerobacter aerogenes from the urine. 

In all, there appear to be 52 cases in the 
literature under the heading of “cystitis 
emphysematosa." Of these, 13 were known 
to have glycosuria. Data in some of the re- 
mainder are incomplete. Æ. coli is the com- 
mon denominator from a bacteriologic 
standpoint. Under the heading "primary 
pneumaturia," there appear to be 46 other 
cases in the literature, 29 of which had gly- 
cosuria. We are reporting an additional 
group of 19 cases (Table 1 and 11). 

The increasing frequency of diagnosis is 
apparently due to the increasing awareness 
of clinicians and radiologists of this condi- 
tion. 

It is the impression of the author that 
the literature on each subject should now 
be integrated. Findings common to the two 
conditions as seen in the many reported 
cases include (1) high incidence of glvco- 
suria in the presence of urinary stasis and 
obstruction, (2) infection with E. coli or 
Aerobacter aerogenes, and (3) production of 
gas in the wall of the bladder, in the blad- 
der lumen, or in both places. 


CASE MATERIAL 


During the twelve year period from 1949 
through 1960, 19 patients have been stud- 
ied in the radiology department of the New 
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England Deaconess Hospital with evidence 
of gas either in the wall or the lumen of the 
urinary bladder or in both places. Fifteen 
of these cases have been seen in the last 
three vears. 

The 19 cases comprise 15 diabetic and 4 
nondiabetic patients. Five of the 6 male 
patients and 10 of the 13 female patients 
suffered from diabetes. In 3 cases, 1 male 
and 2 female, episodes of cystitis emphv- 
sematosa occurred on two separate occa- 
sions with evidence of persisting urinary 
tract infections in the intervening period. 


ILLUSTRATIVE CASE HISTORIES 


Case 3. B.S. This twenty-five year old white 
female was admitted to the New England 
Deaconess Hospital for the twelfth time on 
October 22, 1958, her previous admissions be- 
ing connected with the complications and con- 
trol of her diabetes which had been diagnosed 
fifteen years previously. She had been fairly 
well until the day of admission when she ex- 
perienced gross hematuria and crampy pain in 
the left flank radiating into the left groin. She 
vomited repeatedly. 

Physical examination: Well developed and 
well nourished. Pulse 76, temperature 99° F.; 
heart and lungs were normal. The popliteal 
pulses were not palpable. There was marked 
tenderness in the left costovertebral angle and 
also in the left lower quadrant. 

Urinalysis: Grossly bloody specimen, al- 
bumin 65 mg. per cent, glucose 2.5 gm. per cent 
and there were 80 to 100 white blood cells per 
high power field. The nonprotein nitrogen was 
55 mg. per cent. Urine culture showed Aero- 
bacter aerogenes. 

An admission roentgenogram of the abdomen 
showed gas in the lumen and in the wall of the 
bladder. An intravenous pyelogram revealed 
evidence of right sided chronic pyelonephritis 
and a questionable cyst on the left kidney to- 
gether with an estimated 6 ounces of residual 
urine. 

Course: She was treated with achromycin, 
sedatives and analgesics and her diabetes was 
brought under control. On this regimen her 
symptoms subsided and she was discharged on 
November 4, 1958. She was again admitted with 
a urinary tract infection and gross hematuria 
on November 4, 1959. On this admission a 
retrograde pyelogram revealed filling defects in 
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ROENTGEN FINDINGS IN 19 CASES WITH GAS 
IN THE BLADDER 
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the renal pelves (? blood clot) but no evidence 
of gas in the bladder. She was treated with bed 
rest, antibiotics and control of her diabetes. 
The symptoms again subsided. A culture of 
the urine at this time again revealed Zerobacter 
aerogenes. 

On her fourteenth admission on January 25, 
1960, she complained of chills and fever, which 
had been attributed to an upper respiratory 
tract infection, Physical examination was es- 
sentially negative except for blood pressure of 
160/110 and pulse of 104. Diabetic retinopathy 
was noted. On January 27, a roentgenogram of 
the abdomen showed air-fluid levels in the 
bladder together with a slight degree of in- 
testinal ileus. An intravenous pyelogram four 
days later showed evidence of bilateral 
pyelonephritis in the form of slightly dilated 
calyces. Bubbles of gas were seen in the bladder 
and there was residual urine of approximately 6 
ounces. Urine culture revealed B. proteus. She 
was treated with insulin, bed rest and chloro- 
mycetin, whereupon her symptoms subsided 
and she was discharged improved on Febru- 


ary 3. 
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Comment. A typical case of primary cys- 
titis emphysematosa with evidence of gas 
both in the lumen and in the wall of the 
bladder in the presence of diabetes and 
stasis, due, in this case, to diabetic neuropa- 
thy. Infection of the urine with derobacter 
aerogenes was demonstrated on several oc- 
casions. It seems possible that the B. pro- 
teus organism cultured on the last admission 
may have masked the presence of an infec- 
tion with another gas-forming organism. 
It is of interest that the concition recurred 
after treament and on each occasion re- 
sponded without undue loca! sequelae. 


Case 7. A.O. This seventy-seven year old 
white female diabetic of thirty-five years’ dura- 
tion was admitted to the New England Dea- 
coness Hospital for the twelfth time on June 
20, 1958. She had been under treatment for 
the past twelve vears for pernicious anemia in 
addition to her diabetes mellitus. 

She complained of dysuria which had been 
of fairly recent onset and she had noted gross 
blood in her urine which was also cloudy. 
Previous admissions had been in connection 
with her diabetic control and treatment of her 
anemia. On one occasion there had been noted 
a high blood sugar in the abserce of glycosuria 
and on a further occasion bacteruria had been 
observed. 

Physical examination: Not remarkable ex- 
cept for a Grade 1v systolic murmur at the 
apex. Blood pressure was normal and the lungs 
were clear. 

Urinalysis: Specific gravity of 1.005, acid 
reaction, albumin 19 mg. per cent, glucose 0.3 
gm. per cent and 80 to 120 white blood cells per 
high power field. Cultures of the urine re- 
vealed Æ. coli. On the eighth hospital day, gas 
was observed in the bladder during examina- 
tion of the gastrointestinal tract. This was con- 
firmed on an intravenous pyelogram two days 
later which showed good function of each 
kidney, an air-fluid level in the bladder and a 
residual urine of greater than € ounces. 

Course: The patient was treated with 
chloromycetin and insulin on which regimen 
she showed marked improvement and was dis- 
charged on July 1, 1958. She was re-admitted 
on December 11, 1958 complaining of “weak- 
ness” for two days prior to acmission. Thirty- 
six hours prior to admission she had vomited 
bile-stained material and twelve hours after 
this had experienced the onset of generalized 
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upper asdominal pain with diarrhea. This had 
continued up until the time of her admission. 

Physical examination on this occasion re- 
vealed æ blood pressure 
100 per minute and temperature of gg degrees. 
The remainder of the examination was unre- 
markable except for the previously noted 
cardiac murmur and slight left upper quadrant 
tenderress 

Laboretory findings: Hemoglobin 11.9 gm. 
per cert, white blood cells 24,700 rising later 
to 76,72e with 34 per cent band forms. Serum 
electrolv-es were normal. Blood sugar was 294 
mg. per cent. A blood culture disclosed E. coli 
as did z culture of the urine. Urinalysis re- 
vealed 2e mg. pez cent of albumin, 40 red blood 
cells per high power field and 10 to 12 white 
blood cells per high power field. She was 
treated with intravenous fluids and sympa- 
thomimezic amines, but she developed pul- 
monary -dema and died approximately twelve 
hours afwer admission. 

Autop-y findings: Cultures of the heart blood, 
spleen and kidney grew E. coli. The kidneys 
showed scatterec yellow nodules in both the 
cortex azd the medulla, the nature of which 
was not cear. There was no evidence of diabetic 
nephrope thy. The bladder wall was thickened, 
measarimz up too. cm., with a somewhat firm, 
polypoid mottled red surface. Microscopically, 
the blac: shewed submucosal infiltration 











der 


with chranic inflammatory cells, dilatation of 


blood ve.sels and occasional hemorrhages. 


Coma ent. This patient is of interest be- 
cause she had shown on one occasion dis- 
crepanes between the blood sugar and the 
urine sugar, a feature of cystitis emphy- 
sematosz w hick has been mentioned by 
previous authors.” Stasis was also present, 
presumably on the basis of diabetic neuro- 

pathy. She subsequently succumbed to a 
septicemsa with the same organism which 
was responsible for her bladder infection. 














Case 8. M.D. This sixty-four vear old white 
female was admitted to the New England 
Deaconess Hospital for the first time in Jan- 
uary of ogs8 with a urinary tract infection 
Cderoéactar aerogenes) which was successfully 
treated «oth penicillin and streptomycin. She 
was discharged, bur was re-admitted in July, 
1958 with gangrene of the toes of the right foot 
for which a transmetatarsal amputation was 
performec. At the time of her admission on No- 
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of 60°40 with pulse of 
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vember 19, 1958 she had had diabetes mellitus 
for a total of twenty-two years. She complained 
at this time of intermittent painless hematuria 
of six days’ duration with passage of gas in the 
urine on two or three occasions. There was fre- 
quency of urination, every two to three hours 
by day and two to three times during the night. 

Physical examination: Well nourished woman, 
not in great distress. The temperature was 
99° F., pulse go, and blood pressure was 136/60. 
Heart and lungs were negative. Abdominal 
examination gave the sensation of a suprapubic 
mass. Ankle jerks were absent. Diabetic reti- 
nopathy was noted. 

Urinalysis: Specific gravity 1.010, acid reac- 
tion, albumin 470 mg. per cent, glucose 2.2 gm. 
per cent, and the specimen was "loaded" with 
red blood cells. Culture of the urime revealed a 
strain of E. coii which produced considerably 
more gas than a strain of E. co/! selected at 
random from those under culture in the labora- 
tory, both growing in a glucose medium. On the 
second hospital day, an intravenous pyelogram 
disclosed gas in the bladder lumen which per- 
sisted after voiding. 

Course: The patient was treated with achro- 
mycin and insulin under which regimen her 
symptoms subsided. However, she was read- 
mitted one year later at which time she again 
had an Æ. coli urinary tract infection, but with 
no evidence of gas in the bladder. A further 
re-admission in. November, 1960 showed the 
bladder to be distended with gas a/most to the 
level of the umbilicus and an infection with Æ. 
This was again treated with antibiotics. A 
roentgenogram of the abdomen one month 
later showed it to be distended but with no gas 
present. 


colt. 


Comment. This is the only case in the 
series in which the propensitv of the infect- 
ing organism for gas production was tested. 
It might well be that others, if tested, 
would have shown this property. 


Case 12, J.B. This sixty-one year old white 
male was admitted to the New England Dea- 
coness Hospital for the first time on December 
13, 1957 with a six to eight month historv of 
polydypsia and polyuria. Glycosuria and 
acetonuria had been discovered four days prior 
to admission. Eight hours prior to admission he 
began to void blood-stained urine. The past his- 
tory was essentially negative. Physical exam- 
ination: Male in acute distress with marked 
urgency of urination, Heart and lungs were 
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normal. There was diffuse suprapubic tender- 
ness. The prostate gland was enlarged. The 
remainder of the examination was essentially 
negative. 

Urinalysis: Specific gravity 1.015, acid re- 
action, albumin 152 mg. per cent, glucose 1.3 
gm. per cent, 70 to go red blood cells per high 
power field, 19 to 20 white blood cells per high 
power field and bacteria 4 plus. Culture of the 
urine on two occasions revealed erobacter 
aerogenes. The hemoglobin was 13.4 gm. per 
cent, white blood cells 12,900 with a shift to the 
left. Blood sugar was 94 on admission and 214 
on the second hospital day. On the third hos- 
pital day, an intravenous pyelogram revealed 
trabeculation of the bladder dome with ques- 
tionable gas vesicles within the wall of the 
bladder. Re-examination of the pelvis after 
careful preparation of the rectum on the fol- 
lowing day showed positive evidence of gas 
bubbles in the wall of the bladder. 

Course: The diabetes was controlled on 35 
units NPH insulin. On the sixth hospital day a 
cystoscopy revealed a bladder of limited ca- 
pacity with multiple ecchymotic areas on the 
posterior wall. At the junction of the floor and 
posterior wall, there were hyperemic ruga- 
tions with tiny, gray cysts. A biopsy of the 
bladder wall was reported as showing chronic 
inflammation and fibrosis. Subsequently, he 
developed a postoperative pneumonia and both 
this and his urinary tract infection proved re- 
fractory to all antibiotics which included 
chloromycetin, gantrisin, achromycin, poly- 
myxin, furadantin, streptomycin, triple sulfa 
and albamycin. Following this he developed 
agranulocy tosis and succumbed to a septi- 
cemia on F ‘ebruary 9, 1958. An autopsy showed 
an organizing pneumonia of the right middle 
lobe with terminal aspiration and pulmonary 
edema. A swab from the prostate gland showed 
E. coli and a swab from the bladder revealed 
Pseudomonas and Streptococcus hemolyticus. 
Examination of the bladder showed it to be 
markedly hemorrhagic with papillary projec- 
tions around the area of entrance of the in- 
dwelling catheter. In addition, this area was 
markedly friable. On the posterior wall just 
above the trigone, there was an almost per- 
fectly round area of denudation of the mucosa 
with surrounding radial puckering of the wall. 
The whole of the bladder had a “boggy” con- 
sistency. The prostate gland showed many 
thick walled abscesses up to 1.5 cm. in diame- 
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ter. Multiple venous thromboses were present. 
Microscopic examination of the bladder showed 
acute and chronic inflammatory cells. There 
were nests of normal mucosal cells below the 
level of the rest of the mucosa plus a fibrous, 
healing ulcer. A necrotic area containing clumps 
of bacteria was situated near the bladder dome 
and was surrounded by congested vessels, oc- 
casional hemorrhages, and a zone of reaction 
composed mostly of eosinophils, lymphocytes 
and monocytes. 


Comment. This is a case of cystitis em- 
physematosa with cystoscopic findings. 
Persistent infections in the bladder region 
and a complicating postoperative pneu- 
monia with the exhibition of multiple anti- 
biotics in an attempt to control these in- 
fections apparently resulted in agranulocy- 
tosis and death from septicemia. Autopsy 
also showed severe prostatic infection, but 
it is not clear whether the prostatic infec- 
tion preceded the bladder infection or vice 
versa. The cystoscopic appearance corre- 
sponds fairly closely with that previously 
noted by Mills?-? and others. 


FINDINGS 


The pertinent clinical, roentgenologic 
and laboratory data of the 19 cases studied 
are summarized in Tables 1 and 11. There 
was a striking preponderance of females to 
males in an approximate ratio of two to one. 

The age of the patients ranged from 
twenty-three to eighty-three years. Of the 
15 diabetic patients, the average duration 
of diabetes was 14.2 years with a range 
of a “few months” to 35 vears. The salient 
clinical findings were a high incidence of 
glycosuria and evidence of urinary tract 
infection, which was often recurrent. Gross 
hematuria was a common finding in cases 
in which gas in the bladder wall was a fea- 
ture. Subsequent histologic examination in 
2 such cases showed hemorrhage within the 
bladder wall. The responsible organism in 
almost every instance was either Æ. coli or 
Aerobacter aerogenes, the two exceptions 
being Case 3 and 4. In the former case the 
organism cultured during one of her two 
episodes of cystitis emphysematosa was 
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B. proteus, an organism noted for tending to 
ix ue over other organisms growing 

ath it In the other c ase the culture of the 
urine showed "no growth." This patient 
had, hewever, been on antibiotic therapy 
shertly before the diagnosis was estab- 
lished. 

Diagnosis was made by roentgen exami- 
nation ilone in 15 cases and bv both roent- 
genogr.ms and clinical history in the re- 
maining 4 cases. Gas in the wall of the 
bladde was the sole manifestation in 2 
cases; cas in the lumen of the bladder was 
the mcst prominent feature in a further 6 
cases, «nd the remaining 11 cases had evi- 
dence cf gas in both the wall and the lumen 
of the »ladder. Only 2 of the patients who 
had ga. present in the lumen of the bladder 
valunteered the information that they had 
passed gas when voiding. One further pa- 
tient gave this information on direct ques- 
tioning after gas was discovered by roent- 
gen examination. 

It is to be noted that 4 of the diabetic 
patients had negative tests for urine glu- 
cose or admisston. 

Associated findings included a high pro- 
portior of chronic urinary tract infections 
and urinary stasis. Stasis in the diabetic 
patients was evidently due chiefly to blad- 
der nearopathy. In the 6 cases of which 
follow-ip roentgenograms were available, 
the time taken for the gas to disappear 
under ~reatment was less than four days in 
4 cases, and an indeterminate period less 
than two weexs in another case. Persis- 
tence cm gas in the remaining case was asso- 
ciated with persistence of the infecting or- 
ganism in the urine despite the antibiotic 
treatment and control of diabetes. The 
urine was acid in reaction in 10 cases, al- 
kaline n 4 (including 3 of the 4 nondiabetic 
patients) and ina fu aher case this informa- 
tian is 10t present in the laboratory data. 

Of tae 2 cases which came to autopsy, 
the fincings in the bladder were those of an 
acute and chronic submucosal inflamma- 
tory reaction. One of the cases was also 
cystoscoped prior to death and the bladder 
showec an intense hemorrhagic reaction 
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with vesicles and ulcerated areas in the 
mucosa. 


ROENTGEN FEATURES 


The gas within the bladder wall or lumen, 
which is the essential feature of this condi- 
tion, must be distinguished from gas in the 
rectum and sigmoid. This is usually not 
difficult, but, if necessary, roentgenograms 
of the bladder region with the patient in 
the erect position must be taken to demon- 
strate the characteristic air-fluid level (Fig. 
3, Æ and B). The gas is usually visible on 
plain roentgenograms taken in the supine 
or erect position. An intravenous pyelo- 
gram is not essential in order to make the 
diagnosis but gives valuable additional in- 
formation regarding contributory factors 
(Fig. 4, 4 and B). It may show prostatic 
hyperplasia with obstruction or a large 
residue resulting from diabetic neuropa- 
thy. 

When the gas is situated chiefly in the 
wall of the bladder, diagnosis presents no 
difficulty since the appearance is quite 
characteristic. It consists of a narrow 
radiolucent line of gas bubbles outlining the 
bladder wall when seen in profile and 
collection of vesicles varving in size from a 
few millimeters up to one centimeter and 
having a "cobble-stone" appearance when 
seen "en face.” In most of these latter cases 
a collection of intraluminal gas is also pre- 
sent (Fig. 1, 7 and B). Persistence of gas 
after a few days of treatment is invariably 
associated with persistence of the infection. 

In those cases where intraluminal gas is 
the predominant feature, careful inspec- 
tion will usually reveal the presence of a 
few bubbles within the tissues of the blad- 


der wall (Fig. 2, Zand B). 


DISCUSSION 


It would appear that cystitis emphysem- 
atosa is a condition which is not so rare as 
many previous reports would indicate. Ex- 
perience in this department of radiology 
would seem to suggest that it 1s increasing 
in frequency since we have seen 15 cases in 
the last three years as compared to only 4 
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Fic. 1. Case 1. (4) Plain roentgenogram of the bladder region before discovery of cystitis emphyszmatosa. 
The bladder is moderately distended but shows no evidence of gas. (B) Two weeks later. Characteristic 
appearance with vesicles seen in profile and “en face." Note also the collection of gas within the lumen of 
the bladder. 





Fic. 2. Case 6. (4) Roentgenogram showing gas mainly within the lumen of the bladder. (B) Severa_ minutes 
later after voiding most of the gas. The bladder wall can now be distinguished by the interstitial vesicles 
whica were previously obscured by the larger collection of intraluminal gas. 
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Fic. 3. Case 8. (4) Roentgenogram showing the distended gas-filled bladder extending almost to the level 
of the umbilicus. (B) Erect roentgenogram showing the characteristic air-fluid level. 





lic. 4. Case 11. (4) Plain roentgenogram prior to intravenous pyelography. Characteristic interstitial 
vesicles and intraluminal gas bubbles are seen. (B) Intravenous post-voiding pyelogram showing slight 
depression of the bladder base and residual urine. 
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cases in the previous eight years. It should 
be noted that our hospital population of 
approximately 10,000 patients per vear in- 
cludes at least 3,000 diabetics. The pro- 
portion of diabetic admissions has remained 
relatively constant, although the incidence 
of patients with cystitis emphvsematosa 
has apparently increased. It is noteworthv, 
in this respect, that in the series of necropsy 
cases reported by Mills, in 1930, glyco- 
suria was not a conspicuous feature. Never- 
theless, in the recent literature most of the 
reported cases have had glycosuria, usually 
due to diabetes mellitus, as a notable fea- 
ture of the disease, and, in general, the in- 
cidence of glycosuric cases in the earlv lit- 
erature, although much higher than in the 
general population, was not so high as in 
cases reported during the last ten vears. It 
is possible to explain this on several 
grounds. First, glycosuria is not an essen- 
tial prerequisite for the development of gas 
in the bladder. However, infection is defi- 
nitely necessary. Chronic, refractory uri- 
nary tract infections were much more 
prevalent in the pre-antibiotic era and all of 
the nondiabetic cases reported here have 
had evidence of long standing urinary infec- 
tions. Since the advent of antibiotic 
therapy, moreover, patients with diabetes 
mellitus have formed a hard core of cases 
in which urinary tract infections are, be- 
cause of the glycosuria, difficult to control, 
and when apparently controlled tend to 
recur readily. Similar infections in nondia- 
betic patients would be more amenable to 
complete eradication. Secondly, at the time 
of the early reported cases, the detection 
and adequate control of diabetes was less 
advanced than at present and the longevity 
of diabetic patients was not nearly so great 
as now. Patients therefore did not live to 
develop the late complications, such as dia- 
betic neuropathy involving the bladder 
which has been such a conspicuous and re- 
curring feature of the cases presented here. 
Furthermore, the roentgen examination has 
led to the detection of many cases of cysti- 
tis emphysematosa, both in glvcosuric and 
nonglycosuric patients which would other- 
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wise have been overlooked. The fact that 
this condition is relatively transient has 
been stressed by Faingold eż al, and is 
confirmed in this series; in 15 of our cases 
the diagnosis was unsuspected clinically 
and in the 6 cases with follow-up roentgeno- 
grams at least 4 showed disappearance of 
the gas within four days. 

One of the present cases lends support to 
the thesis that, in addition to glycosuria, it 
is necessary to have an organism which has 
increased propensity for gas formation. The 
organism isolated from Case 8 showed 
marked increase in gas production in glu- 
cose over a randomly selected strain of a 
similar organism. 

That the condition is a relatively benign 
one is evidenced by the fact that none of the 
patients in the present series died as a di- 
rect result of the local condition. One pa- 
tient died indirectly as a result of the treat- 
ment of this and other infections, and 
another patient died remotely as a result of 
an E. coli septicemia in which the chronic 
bladder condition could probably be in- 
criminated etiologically. Cystitis emphy- 
sematosa will, on occasion, clear merely by 
treatment of the glycosuria and without the 
administration of antibiotics. In glycosuric 
cases the mechanism of gas formation is 
believed to be due to fermentation of glu- 
cose with formation of carbon dioxide, to- 
gether with butyric and lactic acid. All of 
our diabetic cases except 2 showed an acid 
urine, whereas 3 of the 4 nondiabetic cases 
showed an alkaline urine. In the nondia- 
betic cases, the production of gas is thought 
to be due either to the breakdown of an ab- 
normal albumin in the urine or else to the 
presence of a strain of E. coli which is ca- 
pable of acting on normal albumin. 

Clinically, the disease is of importance 
since the fermentation of glucose leads to a 
false low reading on urine testing, which 
therefore does not accurately reflect the 
blood sugar levels. This can lead to a vi- 
cious cycle of poor control, higher urine glu- 
cose levels, further infection leading onto 
further fermentation. Since the patient is 
infrequently aware of pneumaturia or 


Vot, 86, No. € 
rarely -eports it, the radiologist may be the 
first to break the cycle. 

Finally, it is important to stress the fact 
that the presence of gas in the wall of the 
bladder and gas in the lumen of the bladder 
are menifestations of the same underlying 
etiolog:c factors. It has not been possible to 
determine from the cases studied here 
whether the gas in the lumen of the bladder 
is der ved from rupture of vesicles or wheth- 
er it is zenerated in the lumen itself. It may 
well be that both mechanisms are in opera- 
tion at the same time. It would seem that, 
in order to avoid confusion, the condition 
should be referred to as “cystitis emphy- 
semarcsa” and that the term pneumaturia, 
which s merely a description of a symptom, 
should be abandoned. 


SUMMARY 


The literature on “cystitis emphysema- 
tosa" and "pneumaturia" has been briefly 
reviewed. Findings in rg additional cases 
are presented. 

The high incidence of glycosuria and 
infection with gas-producing coliform or- 
ganisrs (E. colt and Aerobacter aerogenes) 
is stressed, together with the presence of 
urinar” stasis. 

The diagnosis is readily overlooked 
clinica ly and is essentially a roentgenologic 
ong. The importance of the condition with 
regard to the control of diabetes is empha- 
sized. 

“Cystitis emphysematosa" and “pneu- 
matura" would appear to be manifesta- 
tions cf a single problem and it is proposed 
that tae single term “cystitis emphysema- 
tosa” should be used to avoid confusion. 

18: Pugrim Road 
Boston : 5, Massachusetts 
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BULLOUS EDEMA OF THE BLADDER 
SIMULATING TUMOR* 


By JOHN J. PITTARI, M.D.,f and ROBERT E. 


MAY, M.D.Í 


PHILADELPHIA, PENNSYLVANIA 


ANY pathologic conditions of the 

urinary bladder may be suggested by 
tle appearance of the bladder in excretory 
uregraphy. These include diverticula, ex- 
travasation, stones, trabeculation, ab- 
norma capacity, and tumors. There are 
also many filling defects simulating tumor, 
such zs those caused by foreign bodies, 
seit radiolucent stones, blood clots and 
"catheter edema." The latter, edema of 
the bladder dome caused by continued con- 
taet wth a Foley catheter tip and bag, is 
a relatively common finding. However, a 
recent review of the American literature 
and o: several well known urologic texts 
discloses no mention of this entity.!-* 

Patents on constant Foley catheter 
drainage maintain an empty bladder, thus 
causing the catheter tip and bag to contact 
the posterolateral and superior surface of 
the bladder. This may lead to localized 
bullous edema which, when seen on the 
urogram, usually appears as a large sharply 
denünec filling defect in the dome with ir- 
regularity of neighboring mucosa simulat- 
ing carcinoma of the bladder. 

Bullous edema is an inflammatory change 
of the bladder mucosa seen in acute cystitis. 
The mucosa appears irregularly thickened, 
inflammed, and rigid, and it is covered by 
multipe small, rounded, cyst-like eleva- 
trons resulting from obstruction of the 
lymphatic channels and submucous effu- 
sion. Because of the difficulty in diferentia- 
tion from tumor we are presenting several 
exampees of this entity. It is important to 
be aware of the possibility of “catheter 
edema.” although tumor must still be con- 
siderec in the differential diagnosis. 





Vic. 1. Case 1. Excretory urogram showing defect 
(arrow). 


REPORT OF CASES 


Case 1 (lig. 1). A seventy year old white 
man was admitted to the Urology Service with 
signs and symptoms of prostatism. The patient 
was in acute urinary retention and was cathe- 
terized on the day of admission. The Foley 
catheter was in place for four days prior to 
urography. The roentgen report 
stated, "In the region of the right uretero- 
pelvic junction, on the superior margin of the 
bladder, there is a definite semilunar shaped 
filling defect associated with irregularity of the 
bladder wall. The findings here are consistent 
with a neoplasm of the bladder and should be 
further studied." 

At the time of transurethral resection of the 
prostate, cystoscopy revealed bullous edema in 
this area with no evidence of tumor. 


excretory 


Case n (Fig. 2). A sixty-eight year old 
male Negro was admitted to the Urology Serv- 
ice with the diagnosis of benign prostatic 
hypertrophy. The patient had had an indwell- 
ing Foley catheter for three weeks prior to 
excretory urography. The roentgen report 
stated that the “bladder has an irregular out- 
line, especially on the left side, suggesting the 


* From che Radiological and Surgical Departmerts of the Veterans Administration Hospital, Philadelphia, Pennsylvania. 
"Restiont in Radiology, Philadelphia Veterans Administration Hospital. 
t Resid mt in Urology, Philadelphia Veterans Administration Hospital. 
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Excretory urogram showing defect 
(arrow). 


Fic. 2. Case rr. 


possibility of an intrinsic neoplasm of the 
bladder." 

Cystoscopic examination revealed bullous 
edema, most marked on the posterior superior 
surface of the bladder on the left. 


Case mi (Fig. 3). A seventy year old white 
male was admitted to the Urology Service in 
acute urinary retention. He was placed on 
Foley catheter drainage for five days prior to 
excretory urography. Again the defect was 
noted and the possibility of bladder tumor was 
suggested. 

Cystoscopy revealed the area to contain 
bullous edema, and there was no evidence of 
bladder tumor. 


Case 1v (Fig. 4). A sixty-nine year old male 
Negro was admitted to the Urology Service in 
urinary retention with a Foley catheter which 
had been in place for three weeks. Excretory 





Fic. 3. Case m1. Excretory urogram showing defect 
(arrow). 


Fic. 4. Case 1v. Excretory urogram showing defect 
(arrow). 


urography revealed poor filling on the left side 
of the bladder suggestive of tumor. 

This area was found to be edematous at the 
time of cystoscopy and no evidence of bladder 
tumor was seen. 


Case v (Fig. 5). A seventy year old white 
male was admitted to the Urology Service with 
signs and symptoms of outlet obstruction. Be- 
cause of a large amount of residual urine, a 
Foley catheter was put in place and was present 
for four days prior to excretory urography. The 
roentgen report of the pyelogram revealed 
“marked irregularity of left uretero-vesical 
junction which could represent a bladder tu- 
mor.” 

Cystoscopy demonstrated edema surround- 
ing both ureteral orifices, most marked on the 
left. No evidence of bladder tumor was found. 


COMMENT 


All excretory urograms were made prior 





Fic. 


5. Case v. Excretory urogram showing defects 
at both ureteral orifices (arrows). 
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to trarsurethral resection. The § cases de- 
scribec above showed the characteristic 
changes of bullous edema. All of the cases 
presen:ed a similar roentgen appearance, 
i. a sharply defined filling defect in the 
supero ateral portion of the bladder dome, 
the area where the catheter bag most fre- 
quentl- rests. The findings were constant 
amd readily seen on all urograms in which 
the bladder wes filled with contrast mate- 
rial, 

Each of the patients reported was admit- 
ted to the urologic service with a diagnosis 
of ben gn prostatic hypertrophy. All had 
been on Foley catheter drainage for lengths 
of time varying from four days to one 
month They were cystoscoped prior to 
transurethral resection of the prostate 
gland end in all cases the described filling 
defects and prominent folds were caused 
br bulbus edema. The mucosa was seen to 
be pale and swollen and it “pitted” readily 
when che loop of the resectoscope was 
pressec into the area. In no instance was 
there a suggestion of tumor and biopsy was 
not deemed necessary by the surgeon. None 
of the patients had clinical evidence by 
history or urinalvsis of either gross or 
microseopic hematuria prior to catheteriza- 
tien. 
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SUMMARY 


Several cases of bullous edema of the 
bladder caused by continuous contact with 
a Foley catheter are reported. The impor- 
tance of this finding is noted in view of the 
relative frequency of its occurrence and of 
its resemblance to bladder tumor. 


John J. Pittari, M.D. 

Veterans Administration Hospital 
University and Woodland Avenues 
Philadelphia 4, Pennsylvania 


REFERENCES 


1, Bganp, D. E., Goopyear, W. E, and WeEns, 
H. S. Radiologic Diagnosis of the Lower 
Urinary Tract. Charles C Thomas, Publisher, 
Springfield, Hl, 1952. 

. Braascu, W. E, and EwwErr, J. L. Clinical 
Urography: An Atlas and Textbook of Roent- 
genologic Diagnosis. W. B. Saunders Co., Phil. 
adelphia, 1951. 

. Camppent, M., Editor. Urology. Volume 1. W. B. 
Saunders Co., Philadelphia, 1924. 

4. Corey, F. H. Essential Urology. Williams & 

Wilkins Co., Baltimore, 1950. 

5. Kerr, H. D., and Girres, C. L. The Urinary 
Tract: A Handbook of Roentgen Diagnosis. 
Year Book Publishers, Chicago, 1944. 

6. McCrea, L. E. Clinical Cystoscopy: Technic, 
Procedures, Diagnosis, Treatment. Second edi- 
tion. F. A. Davis Co., Philadelphia, 1949. 


n 


I 





NOVEMBER, 1961 


GYNECOGRAPHY 
TECHNIQUE AND INTERPRETATION 


By EMIL SCHULZ, M.D.,* a 


nd SAUL W. ROSEN, M.D. 


BETHESDA, MARYLAND 


OENTGENOGRAPHIC visualization 

of the structures in the female pelvis by 
intraperitoneal gas contrast study was 
first described by Goetze, >" in 1918. Utili- 
zation of this technique is occasionally 
reported in the hterature. >56 921.151617 
However, few radiologists and other clini- 
cians resort to this technique in the diagnos- 
tic evaluation of the pelvis or abdomen, 
mainly because of fear of gas embolism. 
This fear appears quite unwarranted with 
choice of proper gas and technique. Indica- 
tion for this procedure, preparation of the 
patient, equipment, technique, problems 
and complications, as well as interpretation 
will be discussed. 

Initially, gvnecographv was done at the 
Clinical Center of the National Institutes 
of Health as part of the evaluation of pa- 
tients with Stein-Leventhal syndrome". 
Subsequently, other abdominal and pelvic 
diagnostic problems in patients ranging 
from two to seventy-two vears of age have 
been evaluated by this procedure. This 
very informative test is simple and safe; 
it may be performed on outpatients, even 
women weighing 300 pounds. 


PREPARATION AND POSITIONING 
OF THE PATIENT 

Careful preparation is the cornerstone of 
a successful study. A cathartic, preferably 
castor oil, is given on the day preceding the 
examination. In the morning the patient 
has nothing by mouth. A cleansing enema 
is given one to two hours before reporting 
to the radiology department. The patient 
is instructed to empty her bladder "com- 
pletely” just before the procedure itself is 
begun. lf adequate preparation is ques- 


tioned, a scout roentgenogram of the lower 
abdomen may demonstrate a distended 
bladder or a scybalous rectosigmoid colon. 
The patient is placed supine on a stan- 
dard reentgenographic tilt table that has a 
footboard and shoulder rest. Her feet are 
secured to the board by a boot and strap 
arrangement of the type used in mvelogra- 
phic procedures. Improvisation with broad 
adhesive tape as used in leg traction will, 
however, suffice (Fig. 1, Z, B, and C). 


MATERIALS 


To properly perform gynecography, the 
following materials are necessary: 


Stand 
Gloves 
Sterile peritoneal puncture tray 

Sponges and spongestick for skin preparation 

Towels (4) 

Syringes, ml. (2) 

Needles, 22 gauge, 1 inch (2) 

20 gauge, 2 inch spinal (:) 
20 gauge, 35 inch spinal (2) 
20 gauge, 6 inch spinal (:) 
"Tubing, latex, two sections, each approximately 
2 feet long 

Glass tube connector, Y-shaped 

One way stop cock, syringe adapter 

Small hemostat (1) 

Medicine cups (2) 

Xylocaine, 1 per cent 

Sterile saline or water 

Antiseptic solution or tincture 

Tank of nitrous oxide with attached flowmeter, as 
used in anesthesia apparatus (separate nitrous 
oxide flowmeters are available from anesthesia 
equipment manufacturers) 

The two sections of tubing are connected 
by the Y-tube glass connector; one open 
end of the rubber tubing is attached to the 
flowmeter of the nitrous oxide tank. The 
stop cock is connected to the other open end 


* Formerly: Diagnostic X-ray Department Clinical Center, National Institutes of Health, Bethesda, Maryland. Now at Department 


of Radiologv, Luther Hospital, Eau Claire, Wisconsin. 


+ National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Maryland. 
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Vic. 1. In sequence these drawings demonstrate (,7) positioning of the patient during establishment of 
pneuroperitoneum (note glass connector valve arrangement), (B) positioning of patent and equip- 
ment during roentgenography, and (C) positioning during removal of the gas from the peritoneal cavity 


(note xas bubbling through the fluid in the syringe). 


of the tubing. This entire system is care- 
fully checked for leaks by occlusion of the 
free end of the Y-tube glass connector. 


ESTA)LISHMENT OF PNEUMOPERITONEUM 


Following preparation of the skin with 
antiseptic solution, the abdomen is draped 
with tewels, leaving a small portion of the 
para-umbilical area exposed. Local anesthe- 
sia, 2-4 cm. to the left and below the um- 
bilicus, precedes the peritoneal puncture 
which is made with a spinal needle of 
proper length. In patients having left sided 
scars Cr masses, a corresponding puncture 
site is chosen on the right; right sided 
punctures have been found equally sucess- 
ful. A 2 inch needle is used on the average 
patient. Obese women generally require a 
needle 34 inches long; the 6 inch needle has 
been used only twice, each time on a pa- 
tient weighing over 300 pounds. The needle 
is slowdy advanced until it enters the peri- 
toneal cavity. In most instances it is not 
difficu t to realize when this has occurred. 
Two distinct "pops" are felt as the needle 
is advanced: the first may be related to 
puncture of the fascial plane anterior to the 
preperitoneal fat, and the second signals 
entrance into the peritoneal cavity itself. 
The o»turator is removed for inadvertent 
blood vessel penetration check by syringe 
(which we have never observed). If no 
blooc s aspirated, the needle is secured by 


a hemostat resting on the abdominal wall. 
The table is then tilted 20-25 degrees, 
headdown. 

The stopcock is connected to the spinal 
needle and opened to the gas line. Flow rate 
of nitrous oxide is set at 600 ml./min. 
Timing of gas flow is begun when the radiol- 
ogist closes the system from tank to pa- 
tient by occluding the open limb of the 
Y-tube glass connector with his gloved 
finger. After a few seconds and several 
times thereafter during the filling period, 
pressure is checked by momentary lifting 
of the finger from the open Y-limb. Onlv a 
gentle hissing sound should be heard. A 
louder noise by the escaping zas indicates 
increased pressure in the system and man- 
dates repositioning of the needle before 
proceeding. Two to three thousand milli- 
liters of nitrous oxide are introduced into 
the peritoneal cavity over three to five 
minutes. The exact volume used is deter- 
mined by the patient's size and by the tone 
of her abdominal wall. 

The patient is tilted head-down during 
filling to prevent abdominal discomfort and 
shoulder pain resulting from subdiaphrag- 
matic gas accumulation. With this pre- 
caution the patient should experience 
nothing more than increasing abdominal 
“fullness.” If complaints of pain do occur, 
one can be fairly certain that the needle is 
improperly positioned and that repeat 
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peritoneal puncture is indicated before 
proceeding. 


ROENTGENOGRAPHIC TECHNIQUE 
AND FOLLOW-UP 


When the patient has no pain during 
filling, the total intended volume of gas is 
delivered, the stopcock closed, the needle 
removed, and the patient turned into the 
prone position. Table tilt is increased to 45 
degrees head-down. The roentgen-ray tube 
is angled 15 degrees from the vertical to- 
wards the feet, resulting in a 30 degree pel- 
vic inlet projection. Gynecograms are ob- 
tained in the posteroanterior and both 
oblique projections with the central ray 
entering 3 to 5 cm. below the tip of the sa- 
crum. When the posteroanterior gyneco- 
gram furnishes the desired information, the 
other exposures can be omitted. Occasion- 
ally, special problems require other angles 
and projections. 

The technical factors used are: 40 inches 
target film distance, conventional film and 
par screens, Bucky grid (8:1 ratio), either 
phototiming at S-1 selector or 30 to 60 
mas., 60-80 kv. 

After satisfactory (wet reading) gyneco- 
grams have been obtained, the patient 1s 
turned back into the supine position and 
the table tilt is reduced to 20 to 25 degrees. 
Peritoneal puncture is again performed 
through the same anesthetized site, a 
syringe containing 1 ml. of sterile saline or 
water is attached and the plunger is re- 
moved. When bubbling of the escaping 
nitrous oxide has ceased, the needle is re- 
moved and the patient helped from the 
table. We have our patients lie recumbent 
for two to three hours before returning 
home; but this precaution is not essential. 
Occasionally, a patient will complain of 
shoulder ache on sitting; this disappears by 
morning and has not required the use of 
analgesics. In general, no follow-up obser- 
vation is necessary. 

The above described technique has been 
found safe and well tolerated in patients 
ranging from two to seventy-two years of 
age. 
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COMPLICATIONS AND PROBLEMS 

Cautious, slow and gentle manipulation 
of the needle is a good way to prevent com- 
plications. No serious complications were 
encountered. Respiratory embarrassment 
was never a complaint. In one instance gas 
was introduced into the small bowel (Fig. 
7), but the patient experienced no discom- 
fort of any kind and remained asymptoma- 
tic over the succeeding days. Physical 
examination showed prompt v subsiding 
distention. This patient was known to have 
had suppurative peritonitis with surgical 
drainage two vears earlier, and widespread 
adhesions were the likelv cause of small 
bowel puncture. 

All our problems, minimal and few as 


they are, derive from improper needle 
placement. In the very obese or very 
muscular patient, the previously de- 


scribed sensation of “popping,” when resist- 
ance is overcome, is not clearly discernible, 
and preperitoneal needle positioning mav 
result. In the very thin patient inadvertent 
puncture of the retroperitoneal space is 
possible. These extraperitoneal insuffla- 
tions cannot be detected reliably by mano- 
metric measurement or by noting of flow 
rate and resistance with the injection of a 
few milliliters of sterile fluid. Auscultation 
of the abdomen during insufflation is some- 
times helpful, particularly in the small or 
normal sized patient; a distinctive hissing 
may be heard when gas freelv enters the 
peritoneal cavity. The most reliable crite- 
rion for improper needle placement and 
extraperitoneal insufflation is the patient's 

complaint of discomfort. This takes the 
form of radiating pain toward the flanks or 
epigastrium, usually within a few seconds of 
the onset of gas flow. For the occasional 
stoic patient even this criterion fails. In 
such a case, and, in general, if there is some 
question of the exact needle position, an 
anteroposterior scout roentgenogram of the 
abdomen is taken. With perfect intraperi- 
toneal injection, gas sharply delineates the 
peritoneal cavity inferiorly and laterally 
(Fig. 2). Preperitoneal extravasation of gas 
is diagnosed by the mottling that is charac- 
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teristic of interstitial emphysema; in the 
pelvis this mottling is noted surrounding 
the bladder (Fig. 3, 4 and 5). With retro- 
peritoneal infiltration, linear dissection of 
gas Is found along the psoas shadows (Fig. 
6). 

Extravasation of gas outside the peri- 
toneal cavity occurs infrequently and has 
caused no complications. Slight discomfort 
is Induced but absorption of small amounts 
of nitreus oxide from interstitial tissues is 
complete within about two hours. When 
gas Is not removed from the peritoneal cav- 
ity preper after the gynecograms have 
been taken, complete absorption requires 
up to forty-eight hours. In this event, 
shoulder ache upon assumption of the up- 
right position is a common complaint. The 
advantageous use of nitrous oxide merits 
brief mention. Teschendorf? has shown, and 
it is well known, that carbon dioxide and 
nitrous oxide are "safe" gases that are 
quickly diffused and absorbed. Resorption 
time of these two gases is approximately 
twenty times raster than that of oxygen. 





E 


Fic, 2. (29144). Anteroposterior scout roentgeno- 
gram demonstrates sharp delineation of the peri- 
toneel cavity lazerally and inferiorly after proper 
gas insufflation. (Figure 14 shows the position of 
the patient and the table; the central ray enters 
perpendicularly to the table). 
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(30338). Gynecogram shows interstitial 
emphysema due to preperitoneal extravasation of 
gas (arrows). Note the clear delmeation of the 
urinary bladder by the surround ng gas. Repo- 
sitioning of the needle resulted in zood intraperi- 
toneal gas contrast with effective visualization of 
the pelvic organs. 


Fic. 3. 


The ratio is even greater when compared to 
air. Carbon dioxide and nitrous oxide are 
nontoxic. Although carbon dioxide is ab- 
sorbed slightly faster than nitrous oxide, 
the latter gas is less irritating and for this 
reason is preferred in our department. 


INTERPRETATION OF GYNECOGRAMS 


Well performed gynecography reveals 
the pelvic organs with unusual clarity. 
Roentgen findings in an anatomically nor- 
mal pelvis (Case 1) are shown in Figures 
8 and 9. 

Case 1 (28882). A thirty-two year old sub- 
ject with Cushing’s syndrome had normal 
menses, no abnormal findings on pelvic exami- 
nation and a normal endometrial biopsy. At 
laparotomy for bilateral adrenalectomy, the 
ovaries and uterus were unremarkable. The 
pathologic diagnosis was adrenocortical hyper- 
plasia. Ovarian biopsies were normal. 

Anteriorly, the smooth shadow of the col- 
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Fig. 4. (28713). Gynecogram shows partial preperi- 
toneal extravasation (black arrows) in a patient 
with normal ovaries and uterus. Note excellent 
visualization of the round ligaments (white ar- 
rows). 





Fic. §. (24591). Gynecogram shows extensive pre- 
peritoneal gas extravasation. Note the faint vis- 
ualization of the enlarged ovaries (black arrows) 
and of the uterine fundus (outlined arrows) and 
the clear delineation of the bladder (white arrows). 
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Fic. 6. (29595). Gynecogram shows retroperitoneal 
gas extravasation causing linear dissection of gas 
along the psoas muscles (arrows). 


lapsed bladder was readily recognized on the 
gynecogram. Both adnexal regions were smooth 
and free of masses. The uterine fundus was seen 
in the midpelvis, with its density superimposed 
on that of the cervix. Bilaterally, the curvi- 
linear shadows of the round ligaments branched 
away from the broad ligaments anteriorly. The 
fallopian tubes with their thickened fimbriated 
ends were seen intimately associated with the 
ovarian shadows in the superior lateral aspect 
of the broad ligaments. The ovaries themselves 
were posterolateral to the uterine fundus; their 
precise location relative to the fundus was 
variable and changed with shifting position of 
the patient. The collapsed rectcsigmoid reflec- 
tion extended posteriorly and a.ong the pelvic 
rim to the left and upward intc the abdomen. 


The size of the pelvic organs is readily 
determined from the measurements made 
on the posteroanterior and both oblique 
gvnecograms. The width of the uterine 
fundus is conveniently measured from isth- 
mus to isthmus. The fundus thickness is de- 
termined perpendicular to this interisthmus 
line on the posteroanterior film. The ovar- 
ian length is the longest dimension on the 
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Fie. 7. (27055). Gynecogram shows accidentally in- 


troduced gas in the small bowel of a diabetic pa- 
tient who had had suppurative peritonitis and 
surgical drainage two years earlier. This caused 
no symptoms or sequelae. 


posteroanterior or either oblique gyneco- 
gram. The measurement of the greater 
dimension at right angle to this long axis 
vields the ovarxan width; the lesser perpen- 
dicular dimension is the ovarian thickness. 
All measurements should be corrected for 
distortion by decreasing the numbers by 
20 per cent on patients of average girth and 
by 25 per cent on obese patients. 

In cases where gynecographic measure- 
ments were checked at laparotomy, corre- 
lation was good and the greatest discrep- 
aney only once exceeded 1.0 cm. In most 
instances, roentgenographic measurements 
varied by no more than a few millimeters 
from the dimensions recorded at operation. 

The pelvic viscera of normal females of 
child bearing age vary considerably in size. 
Standard textbooks of anatomy? and ob- 
stetrics? record normal ovaries measuring 
2.§ to § cm. in length, 1.5 to 3 cm. in width 
and 0.7 to 1.6 cm. in thickness. An even 
greater range 1s given for dimensions of the 
nosmal nongravid uterus. Despite this var- 
iation in size of the viscera themselves, the 
ratio of the uterine fundus width to the 
ovarian length is consistentlv greater than 
1.C cm. and usually greater than 1.3 cm. in 
the normal pelvis. 
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(28882). 


Case 1 
gynecogram (see Fig. 1£). 


Normal »osteroanterior 


In this hospital, gynecograpay has been 
used frequently in the evaluation of pa- 
tients with the polycystic ovary syndrome. 
This entity, first described br Stein and 
Leventhal!’ in 1935, was recently reviewed 
by Stein." Pertinent features are the his- 








and 


Cervix 





Vic. g. Case 1 (28882). An illustratwe drawing of 
Figure 8 is presented since copying and recopying 
of the original gynecogram tends to obscure detail. 
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tory of menstrual irregularities (especially 
oligomenorrhea or amenorrhea) and the 
finding of bilaterally enlarged ovaries, 
uterine hypoplasia in 75 per cent and hir- 
sutism in about 5o per cent of the cases. 
Virilization is abserit. Stein and Leventhal 
recognized at the outset that the ovarian 
enlargement, crucial to the diagnosis, 
could not be established in about half of 
their patients by physical examination 
alone. Using gynecography, however, they 
were able to demonstrate unequivocal 
ovarian enlargement in all cases. Gyneco- 
grams also delineated the typically small 
uterine fundus. These authors called atten- 
tion as well to the usefulness of the ratio 
of the ovarian to the uterine size. In their 
experience the normal ovary was one- 
fourth to one-half the size of the uterine 
fundus, whereas the polycystic ovary was 
at least three-fourths as large as the uterine 
shadow. 

Gynecograms of a typical case of the 
Stein-Leventhal syndrome!? (Case 1) are 
shown in Figure 10, 4,-B and C. Figure 
10D shows another patient with the same 
syndrome. 

Case n (22002). An eighteen year old girl, 


complaining of hirsutism, oligomenorrhea and : 


obesity, had a small uterus but no suggestion of 
ovarian enlargement on physical examination. 
At laparotomy the ovaries were found to be 
large and cystic. The microscopic findings were 
compatible with those described by Stein and 
Leventhal (cf. Stein review). Gynecographic 
demonstration of the ovarian enlargement rela- 
tive to the small uterine fundus was the decisive 
factor leading to exploration. 


Ovarian enlargement in the polycystic 
ovary syndrome is described as bilaterally 
symmetric (Stein review). We have con- 
firmed this finding in all but one of our 
patients with this entity. This patient 
(Case 111) had bilateral ovarian enlarge- 
ment but the enlargement was asymmetric 
(Fig. 11). Gross arid microscopic findings 
were typical of those described by Stein 
and Leventhal. 


Case 111 (27726). A twenty year old student 
nurse had menarche at the age of eleven, oligo- 
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menorrhea from the age of eleven to sixteen 
and menorrhagia for the next two years, fol- 
lowed by progressive oligomenorrhea. At the 
time of her admission she had been amenor- 
rheic for seven months. Severe acne and mod- 
erate hirsutism were apparent on physical ex- 
amination but her habitus was female, her 
breasts well developed and her clitoris normal 
in size. The right ovary was enlarged, ques- 
tionably cystic and very tender to palpation. 
The left ovary was felt to be somewhat smaller 
but was also tender. The twenty-four hour 
excretion of 17 ketosteroids was normal. Surgi- 
cal exploration revealed a right ovary measuring 
5.0X 3.5 X2.8 cm. and a left ovary measuring 
3.7X2.9X2.4 cm. Bilateral wedge resections 
were performed. Microscopically, the ovarian 
wedges showed an extremely thick and fibrous 
tunica, subcapsular cysts, no corpora lutea and 
only one corpus albicans. 


Ovarian enlargement of the Stein-Leven- 
thal syndrome is not associated with ad- 
nexal abnormalities, attachment of the 
ovaries to the adnexa, or abnormal con- 
figuration of the broad ligaments (Fig. 10, 
A-D; and 11). One patient (Case rv) with 
suspected polycystic ovaries was found at 
gynecography to have symmetric bilateral 
ovarian enlargement, but the ovaries were 
attached to irregular and thickened adnex- 
al regions (Fig. 12). 

Case Iv (18266). A twenty-eight year old 
Negro woman had oligomenorrhea, infertility 
and a history of a vaginal discharge ten years 
earlier for which she had been treated with 
penicillin. The uterus and adnexal areas were 
normal to palpation. She was not hirsute. 
Serology was negative. Urinalysis and renal 
function were normal. The preoperative diag- 
nosis was probable Stein-Leventhal syndrome. 
At surgery she was found to have chronic pelvic 
inflammatory disease in addition to polycystic 
ovaries. Hysterosalpingograms made after sur- 
gery demonstrated patency of the right and 
obstruction of the left fallopian tube; numerous 
diverticula arose from each fallopian tube. 


The usefulness of gynecography is well 
demonstrated in another patient (Case v) 
suspected of having the polycystic ovary 
syndrome (Fig. 13, 4, B and C). 

Casz v (29922). This twenty-seven year old 
white woman had oligomenorrhea, infertility, 
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and hirsutism. There was no history of venereal 
disease »r abdominal surgery. Pelvic examina- 
tion was unsatisfactory; the ovaries were not 
readily palpable but considered to be somewhat 
large. Ore senior observer felt "right adnexal 
fullness.” She was sent to the radiology depart- 
ment with the diagnosis of Stein-Leventhal 
syndrome. 

Gynecograms (Fig. 13, 4, B and C; demon- 
strated a large pelvic mass, adherent to the 
right acnexa, widened and tortuous uterine 
ligamenes bilaterally (fallopian tubes), a fixed, 


2). Stein-Leventhal syndrome. Posteroanterior (4), right anterior oblique (B) and 
left arterior oblique (C) gynecograms demonstrate large, thick ovaries and a relatively small uterine 
fundus. Note the smooth bladder shadow anteriorly, the collapsed rectosigmoid colon posteriorly, the 
cervical shadow superimposed upon the fundus shadow and the sharp delineation of the fallopian tubes. 
In the oblique studies (B and C), note the shift of the ovaries with the shift of the patient. (D) (31161). 
Gynecogram shows excellent visualization of the enlarged ovaries and of the uterus in another patient 
with the Stein-Leventhal syndrome. Note the fimbriated ends of the fallopian tubes. 


lobulated, slightly enlarged left ovary and a 
uterus that was small but probably within 
normal limits in size. A hysterosalpingogram 
(Fig. 14) showed the changes of bilateral old 
tubal inflammatory disease. At laparotomy 
bilateral chronic pelvic inflammatory disease 
was evident. Peritoneal adhesions, thickened, 
fixed and tortuous fallopian tubes, a right 
ovarian tumor and a cystic, perhaps slightly 
enlarged, left ovary were noted during dissec- 
tion. The right ovarian mass measured 6.5 X4 
X3 cm.; histologic sections showed papillary 





Vic. 11. Case mt (27726). Gynecogram shows the 
ovaries of this patient with the Stein-Leventhal 
syndrome to be asymmetrically enlarged (large 
arrows). The small arrows delineate the uterine 
fundus. 


cystadenoma. Multiple cysts were noted on 
incising the left ovary; the microscopic findings 
were considered compatible with polycystic 
disease. The roentgenologic findings contributed 
considerably to the management of this case. 
There was no clinical evidence for the pelvic 
inflammatory disease shown by gynecography 
and hysterosalpingography. 


Generally speaking, interpretation of 
gynecograms done on patients who have 
had prior pelvic surgery is difficult. Post- 
operative adhesions often prevent the free 
entrance of gas into the pelvis and all but 
one of the gynecograms performed on such 
patients were technically below par. 

Some difficulty is encountered as well 
in the reading of gvnecograms where there 
is borderline enlargement of the ovaries in 
the presence of a relatively small uterus 
(Fig. 15); in such cases we recommend 
culdoscopy. 

A gynecogram (Fig. 16) made of a fifteen 
vear old girl (31339) who was suspected of 
having ovarian agenesis showed a very 
small cervix and very small and rudiment- 
ary genitalia, consisting of mere soft tissue 
ridges, extending toward both adnexal re- 
gions, and ending in oval shaped thicken- 
ings. This finding was not established by 
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the rather unsatisfactory physical examina- 
tion. 

Figure 17 demonstrates ovarian enlarge- 
ment, more marked on the left, and uterine 
enlargement in a thirty-two month old pa- 
tient (31872). This precocious girl began to 
menstruate at the age of eleven months. 
Repeated rectal examinations were not re- 
vealing. Ovarian biopsies showed multiple 
follicular cvsts. 

Carcinoma of the cervix demonstrated 
bv gynecography has been described pre- 
viously.! Cervical, broad ligamental and 
adnexal changes due to tumor invasion 
were observed in patients studied primarily 
for measurements of “normal” ovaries. 

Occasionally, other primary and meta- 
static tumors, particularly of the lower 
abdomen and pelvis, were successfully eval- 
uated by gas contrast studies. Considera- 
tion of these cases is, however, beyond the 
scope of this paper. 





Fic. 12. Case 1v (18266). Gynecogram shows chronic 
pelvic inflammatory disease in this patient with 
the Stein-Leventhal syndrome. Note fixation of 
enlarged ovaries by adnexal adhesions (large 
arrows) and the small uterus and cervix (small 
arrows). 
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DISCUSSION 


Gynecography is a simple but very use- 
ful technique in diagnosis. Using nitrous 
ox de as a contrast agent, the procedure 
carries a negligible risk of mortality and no 


Fic. 13. Case v (29922). (4, B and C) This pa- 
tient had papillary cystadencma of the 
right ovary, Stein-Leventhal syndrome, 
and chronic pelvic inflammatery disease. 
Note the large fixed right pelv c mass and 
the enlarged fixed left ovary (bread arrows), 
thickened ligaments (tubes) bilaterally 
(slender arrows), and the uterus and cervix. 


cases of fatal gas emboli have been reported 
with this highly water solube gas. Mor- 
bidity has been rare, transitory, and with- 
out sequel. 

Excellent visualization of the pelvic 





Fic. 14. Case v (29922). Hysterosalpingogram shows 
evidence of chronic inflammatory disease (arrows). 
Peritoneal spillage of contrast material on the right 
side was observed on a subsequent roentgeno- 
gram. 


structures was achieved in all patients who 
had not undergone previous abdominal or 
pelvic surgery. In all but one of those who 
had had antecedent surgery, the gvneco- 








Fig. 15. (28854). Gynecogram shows borderline en- 
largement (particularly thickening) of the ovaries. 
In such instances culdoscopy is suggested. Note a 
loop of sigmoid colon overlying the left ovary. 
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Fic. 16. (31339). Gynecogram shows ovarian agenesis 
in a fifteen year old girl. Note the rudimentary 
genital structures (arrows). 


grams were still adequate for evaluation of 
ovarian and uterine size and configuration. 
The accuracy of pelvic organ measurement 
by this method was repeatedly confirmed 
at laparotomy. 

Gynecography is particularly useful in 
evaluating the pelvis of extremely obese or 
very young patients. In the former, physi- 
cal examination, even under anesthesia, is 
often unrewarding. In children, the risk of 
general anesthesia is probably greater than 
risk of pneumoperitoneum—and the physi- 
cal examination less informative than the 
roentgenogram. Gynecograms provide ob- 
jective confirmation of positive physical 
findings and, notably in the polycystic 
ovary syndrome, will unearth ovarian en- 
largement missed by the clinician. We have 
been impressed as well with the opportun- 
ity to diagnose chronic pelvic inflamma- 
tory disease by roentgenography where 
there had been little or no clinical evidence 
to suggest such an entity. 

Gynecography has been superseded in at 
least one large clinic" by culdoscopy, an 
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endoscopic procedure affording direct vis- 
ualization of the pelvic contents. Even in 
experienced hands, however, the use of the 
culdoscope carries a certain morbidity." 
It is our impression that this morbidity, 
however small, is greater than that associ- 
ated with nitrous oxide pneumoperitoneum 
and hence we advocate gynecography as 
the initial screening procedure. This is 
particularly true in situations where previ- 
ous abdominal surgery or pelvic inflamma- 
tion has increased the risk of a culdoscopic 
acadent. 

We have no intention of minimizing the 
role of culdoscopy. Rather, we wish to em- 
phasize the desirability of doing first that 
procedure, of least risk to the patient, 
which can still furnish sufficient indication 
for laparotomy. 


SUMMARY 


1. Visualization of the pelvic organs by 
gas contrast roentgenography (gynecogra- 
phy) is a useful diagnostic technique. 

2. The method is simple. Instruments 
and equipment should be readily available 
in the radiology and supply departments of 
any hospital. 

3. Using nitrous oxide gas, no fatalities 
have been reported. Morbidity is small in 
incidence and trivial in extent. 

4. The method of patient preparation, 
equipment operation, roentgenographic 
technique and film interpretation, as well 
as the problems encountered, are described. 

5. Several clinical problems are pre- 
serted and gvnecograms are illustrated. 

6. The relative roles of gynecography 
and culdoscopv are briefly discussed. 


Emil Schulz, M.D. 
3rc Chestnut Street 
Eau Claire, Wisconsin 
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Fig. 17. (31872). Gynecogram shows ovarian en- 


6. 
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BREAST ROENTGENOLOGY* 
HISTORICAL REVIEW 


By J. GERSHON-COHEN, M.D., 


D.Sc. (Mep.) 


PHILADELPHIA, PENNSYLVANIA 


JA EXTIEW of the historical development 
LE of breast roentgenology is presented 
so thay the experienced roentgenologist 
might obtain a better orientation to a 
roeatgenographic discipline of great value 
in the wetection of early cancer as well as 
other d.seases of the breast. 

In rais country, roentgenology of the 
breast gained recognition in the 1950's as a 
useful ciagnostic procedure. Many radiolo- 
gists, however, still classified the examina- 
toa asa special procedure, if not a techni- 

cal ordeal, and many surgeons and practi- 
tioners were only vaguely aware that such 
an examination could be performed. Re- 
quests were few and when examinations 
were performed they were done often in a 
perfune tory manner. Most radiologists were 
un'amkiar with the appearance o? normal 
breasts and, when presented with a dis- 
eased oreast, were hesitant to interpret 
even the most clear-cut evidence or disease. 
This briet oriy we point out some of 





many serious flores E early sr 
tions. :t will also serve to indicate areas 
stil needing investigation, so that others 
moy be encouraged to exploit this field to 
its full potentialities. Those interested in 
an exhaustive bibliography are urged to 
comsul: the comprehensive review pub- 
lished oy Professor J. Von Ronnen” of the 
University of Leyden 

în 1313, a German surgeon, Salomon;?? 
was the first to take roentgen-ray "pic- 
tures’ of the breast. He used excised 
breasts, since his primary concern was to 
stedy the extent and mode of spread of 
mammary cancer in order that a more 
adequate biopsy specimen could be re- 
meved at the time of surgery. His observa- 
ticns cf 3,000 mastectomy specimens cor- 





related the roentgen findings w:th the gross 
and microscopic anatomy of the tumors. It 
is apparent that Salomon did aot take full 
advantage of the implied diagaostic appli- 
cations of his findings. However, the case 
histories and the descriptions and actual 
reproductions of the roentgenograms con- 
tain a wealth of interesting information 
which had considerable impart on subse- 
quent investigators. 

Salomon's most important observation 
was the recognition that a roentgenogram 
gave a true picture of the margins and ex- 
tent of a tumor. He also recognized the 
differences in roentgen appearance of the 
most common forms of mammary cancer. 
He clearly differentiated the scirrhous or 
infiltrating type from the circamscribed or 
nodular form. Another common type, the 
duct carcinoma with punctate calcifica- 
tions, was not recognized as a separate 
entity, although later duly categorized by 
another radiologist, Leborgne * The char- 
acteristic roentgen appearance of these cal- 
cifications, however, is demonstrated in one 
of Salomon’s illustrations. Since this appear- 
ance later acquired real diagrostic signifi- 
cance, the original caption is worth para- 
phrasing: at the center of a rather large 
infiltrating tumor there were many tiny 
calcific densities which stood out against 
the background on the tumor tself. Micro- 
scopic study traced the calcific deposits to 
cvstically dilated spaces witan a tumor 
growing, for the most part, iatraductally. 

In another remarkable case Salomon 
reports the first "clinically occult" breast 
cancer found by roentgen examination. In 
this case the breast had been removed be- 
cause of a large palpable cyst. Histologic 
sections taken from the obvious lesion were 
reported as benign by the pazhologist. On 


* Fromthe Department of Radiology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennssivania. 


879 


880 


the roentgenogram of the specimen, two 
lesions could be clearly identified: a large, 
rounded, sharply defined cyst, and a tiny, 
very dense, spiculated tumor with the typi- 
cal appearance of a scirrhous carcinoma. 
Unfortunately, the gross specimen in this 
case was lost or discarded before the roent- 
genograms became available for study, so 
no real confirmation could be made. Never- 
theless, Salomon expands at some length on 
the very strong suspicion of malignancy 
discovered by means of the roentgen-ray 
picture. 

For a number of vears following Salo- 
mon's paper, there were no references to 
breast roentgenologv in the literature. 
However, between 1924 and 1930, at least 
three independent groups were investigat- 
ing the roentgen diagnosis of breast lesions. 
Priority is generally assigned to Govanes, 
Gentil, and Guedes.’ These authors pre- 
sent roentgenography of the breast as a 
new method of diagnosis, especially useful 
in differentiating inflammatory from neo- 
plastic lesions. They described the position- 
ing required for the examination and the 
normal image obtained, with its character- 
istic "planes." Although only a small num- 
ber (56) of breasts were examined, the 
report was written to present preliminary 
findings and to encourage further use and 
development of the technique. 

In addition to the work of Govanes, 
Gentil, and Guedes, a “breast clinic" in 
Leipzig which was actively engaged in tak- 
ing diagnostic roentgenograms of female 
breasts was described in Kleinschmidt's 
textbook.” The clinic and the taking of 
roentgenograms were under the general 
auspices of Dr. Erwin Payr. Dr. Payr con- 
tributed to many areas in surgery through- 
out a long research career, but he never 
personally published on the breast project. 

Two papers were eventually published as 
a result of the work done in the Leipzig 
breast clinic. The later report, by Finster- 
busch and Gross,’ appeared in 1934. It is a 
case report on the unusual type of calcifi- 
cations found in what we learned to recog- 
nize as secretory disease. The report pre- 
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sents a very careful correlation of roentgen 
and histologic pathology as well as an at- 
tempt at biochemical analysis of the lesions. 

The earlier paper by Vogel? is a classic 
in the field. Vogel's work is important for 
his roentgen classifications 0? various be- 
nign lesions and for his discussion of their 
differential diagnosis from carcinoma. The 
criteria used and the care given to his choice 
of illustrative material are still valid. 
Though considerably expanded, his obser- 
vations form the basis of our present day 
interpretative criteria. Vogel also presented 
excellent advice on roentgenographic tech- 
nique. 

Although the above contributions were 
important, a greater impact on American 
radiologists was made by reports of War- 
ren? and Frey and Warren.’ Their tech- 
nique--stereoscopic — roentgenologv——has 
merit and this area perhaps has not been 
sufficiently exploited. Warren also con- 
tributed some excellent descriptions of the 
normal gland at rest and during pregnancy. 
He differentiated the normal from the 
dysplastic gland and was amazed at the 
high incidence of the latter in his small 
series of cases. More important to our pre- 
sent day approach was his imaginative use 
of the roentgenogram to study breast 
changes over long intervals of time. 

Other outstanding reports during this 
period were those by Seabold**~** and Rei- 
mann and Seabold? on the roentgen 
changes in the breast, especially during the 
normal menstrual cycle. Lockwood," 
Lockwood and Stewart,” and Gunsett and 
Sichel’ repeated descriptions of diagnostic 
criteria established by previous workers and 
defined some areas where inaccuracy could 
be expected. These difficult areas included 
microscopic carcinoma and small neo- 
plasms in dense "cystic" breasts. 

An often quoted work is a thesis by Es- 
paillat® which appeared in Paris in 1933. 
The text is an attempt to correlate roentgen 
appearance with symptomatology and mi- 
croscopic anatomy. Ít is perhaps the most 
ambitious attempt at a diagnostic manual 
in the area of breast roentgenology. This 
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work is disappointing, however, because of 
the inccmplete analysis of the case material 
and because of the poor illustrations. 

In 1c38, Gershon-Cohen and Strickler'? 
published an article on roentgenologic ex- 
amination of the normal breast. They 
conside-ed that knowledge of the normal 
breast zt all ages and stages of activity was 
a prerequisite to recognizing pathologic 
conditions which might arise. The authors 
acknowledged that improvements in roent- 
gen tecanique would advance the diagnosis 
of early neoplastic changes in the breast 
and endorsed enthusiastic application of 
the examination. 

'The literature of this decade (1930's) 
contaims numerous other papers on breast 
roentgenology originating both in this 
countz* and abroad, but it seems to us that 
very B-tle new information emerged from 
these publications. The usual pattern was 
a review of the current literature, followed 
by a review of various techniques. The 
diagnostic criteria first reported by the very 
earliest investigators were repeated and 
described against the background of ex- 
perience with a small series of cases. The 
reports ended with the mention of limita- 
tions o? the examination and the illustra- 
tions, when present, were not informative. 
It is not surprising at all that a number of 
people interested in the application of this 
diagnostic procedure should have become 
discouraged. 

In a way, the initial failure cf breast 
roentgenology is reflected in the first Amer- 
ican report by Warren. The main diff- 
culty was the technical quality of the roent- 
genograms. A great deal of attention was 
given to positioning and to devices that 
would spread out the gland. An important 
diagnostic sign, punctate calcifications 
found in 30 per cent of all cancer cases, 
went unrecognized in series after series. The 
calcific deposits were not visualized on the 
roentg=nograms or, if seen, were confused 
with artifacts. 

A second fault can be traced more di- 
rectly to Warren’s first report,? in which 
he claimed an accuracy of 85 to 95 per cent 
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in a highly selected series of cases. Such a 
high degree of accuracy impressed subse- 
quent workers who became discouraged 
when the figures could not be duplicated in 
unselected series. 

Between 1927 and 1931, Domingue 
of Uruguay and Baraldi! of Brazil published 
a series of reports on the use of pneumo- 
mammography as a means of obtaining 
better visualization of lesions in the breast. 
The technique was adopted in this country 
by Hicken,!” who also resorted to injection 
of the lactiferous ducts and cystic cavities 
with radiopaque substances. The proced- 
ures were apparently intended zo be used in 
cases where visualization could not be ob- 
tained by other means. 

Raul Leborgne,” a student of Domínguez 
experimented with intraductal injections 
and he stressed the importance of good con- 
trast which he obtained with very low kv., 
nonscreen film and good collimation. Use of 
this technique gave details previously not 
obtained. 

The literature of the 1945's contains 
numerous references to the dangerous se- 
quelae following the injection of some of 
these radiopaque substances. The first re- 
sults were mastitis and abscess; and in iso- 
lated cases in which thorotrast was used, 
cancer developed (Brody and Cullen’). 

Leborgne? in 1951 reported peculiar 
calcifications in about 30 per cent of mam- 
mary cancers, mainly of the intraductal 
type. Because these tumors occurred more 
frequently in dysplastic breasts, the sign 
provided an opportunity for the detection 
of neoplasms in a type of breast which had 
previously been the most difficult to exam- 
ine, both clinically and roentgenographi- 
cally. Since these tumors grew slowly and 
spread intraductually and since the patient 
often had little or no evidence of any ab- 
normality, early discovery of neoplasms by 
roentgen examinations made clinicians and 
surgeons realize more fully the diagnostic 
value of the method. 

In 1951 Gros and Sigrist!? in Strasbourg 
published the first of many enthusiastic 
papers on breast roentgenography. They 
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confirmed the criteria and indications for 
roentgen examination and their experience 
with technique and case material parallels 
that of our own group, especially in the de- 
tection of early, clinically occult, unsus- 
pected or asymptomatic tumors. 

It is extremely difficult to evaluate our 
own work and that of our contemporaries 
at this early date. Our approach to the 
problem was to base roentgen examination 
of the breast on a firm anatomic basis. This 
approach was not new and can be traced as 
far back as the reports by Salomon, the 
Leipzig group and Warren. Confusion in 
terminology existing among surgeons and 
pathologists in the classification of benign 
and malignant lesions further complicated 
progress. 

Collaboration with Helen Ingleby, ini- 
tiated early in 1950, provided the oppor- 
tunity for a thorough review of the various 
lesions found in the breast. Opacities seen 
on roentgenograms were compared with 
thick whole breast sliced sections of the 
corresponding specimen and later with the 
the microscopic material; this approach 
permitted recognition on the roentgeno- 
gram of shadows which had previously ap- 
pearedunimportant. Observations of abnor- 
mal areas on the roentgenogram might call 
for a search of the surgical specimen for 
previously unrecognized abnormalities. In 
more recent years, we were able to correlate 
roentgen and pathologic findings with 
certain clinical entities, chiefly adenosis and 
secretory disease. Use of repeated examina- 
tions has been applied to such problems as 
mammary abscess, pregnancy and lacta- 
tion and the mode and rate of growth of 
mammary cancer.,9-1620—2 

There are still confusing aspects in roent- 
genologv of the breast to be studied and the 
recent revival of interest in this field is en- 
couraging. Technical improvements of 
roentgenograms and illustrations, detection 
of clinically unsuspected carcinomas and 
the early visualization of lesions for biopsy 
all have contributed to interest in this 
field. It is hoped that investigations will 
continue and that the uncertainties of 
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clinical examination of the breast will be 
resolved by routine use of this very useful 
diagnostic procedure. 


Albert Einstein Medical Center, 
Northern Division 
York and Tabor Roads 


Philadelphia 41, Pennsylvania 
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THE MOTOR ACTIVITY OF THE ESOPHAGUS IN 
ASSOCIATION WITH ESOPHAGEAL ATRESIA 
AND TRACHEOESOPHAGEAL FISTULA* 


By JOHN A. KIRKPATRICK, M.D., SAMUEL L. CRESSON, M.D., 


and GEORGE 


ATIENTS who have had surgical re- 

pair of esophageal atresia, with or 
without a tracheoesophageal fistula, often 
have symptoms as a result of dy sphagia, 
impaction of foreign bodies, and regurgita- 
tion with aspiration and subsequent pul- 
monary infection. These manifestations 
are usually encountered in the immediate 
postoperative period, again when solid 
foods are introduced into the diet, and later 
in life when solid food is masticated incom- 
pletely or swallowed hastily. Cinefluoro- 
graphic studies of the swallowing act show 
that narrowing of the lumen of the 
esophagus at the site of the anastomosis 
may contribute to the symptoms, but that 
there is, in addition, a functional disturb- 
ance in motor activity of the esophagus of 
considerable importance. 


MATERIAL AND METHOD 


Cinefluorographic studies of the esopha- 
gus of 15 patients who had a primary anas- 
tomosis of the esophagus have been carried 
out since 1956. In 14 patients, the initial 
study was performed two to three weeks 
postoperatively. When subsequent studies 
were made, these were done at intervals of 
two months to three years. One patient 
was examined first at seven years of age 
and then again two years later. Five pa- 
tients were examined once, 4 patients were 
examined twice, and 6 patients were ex- 
amined three or more times. The patients 
were examined while prone (left posterior 
oblique position). A mixture of barium and 
water was utilized as contrast material. The 
exposure was made on 16 mm. movie film 
(Kodak Linagraph Shellburst) at 24 or 32 
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f/sec. during and after swallowing this ma- 
terial. A 16 mm. Bell & Howell camera, 
with a 0.95, 25 mm. lens mounted on a § 
inch image intensifier,* was utilized to re- 
cord the swallowing act. 


DISCUSSION 


Cinefluorography of normal infants and 
children reveals a pattern of deglutition 
comparable to that described as occurring 
in adults.? Deglutition may be divided into 
three stages. The first stage is voluntary 
and is concerned with the propulsion of the 
bolus of liquid or solid material into the 
pharynx. The presence of the bolus in the 
pharynx stimulates the reflexes respon- 
sible for the second and third stages, which 
are involuntary. The second stage is char- 
acterized by closure of the oral cavity, 
nasopharynx and larynx; contraction of 
the pharyngeal constrictors (initiation of 
the primary peristaltic wave); and relaxa- 
tion of the cricopharyngeus muscle. The 
third stage is the continuation of the pri- 
mary peristaltic wave down the esophagus 
and the relaxation of the esophagogastric 
junction. The passage of liquid is as a solid 
bolus when the patient is supine; when the 
patient is erect, the liquid precedes the 
primary peristaltic wave and is held up at 
the lower end of the esophagus until the 
wave reaches this area. A succession of 
swallows of liquid will inhibit the primary 
peristaltic wave. Secondary waves in the 
vicinity of the bolus may be initiated by 
local distention of the esophagus. Reverse 
peristalsis does not occur in the esophagus, 


* Manufactured by North American Philips Company, Inc. 


* From the Departments of Radiology and Surgery, Temple University School of Medicine and St. Christopher’s Hospital for 
Children, Philadelphia, Pennsylvania. Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic 
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Motor Activity of the Esophagus 
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Pr. I. 


selected cine sequence of a patient who had surgical repair of esophageal atresa and tracheo- 
A selected cin n f a patient who had surgical repair of hageal atresia and trach 


esophageal fistula (left anterior oblique position). The arrow points to the line of anastomosis. Contrast 
material remains in the esophagus after feeding. The sequence demonstrates contraction of the lower 
esophagus with retrograde flow of barium into the esophagus above the line of anastomosis. 


but a reverse flow of esophageal contents 
may be caused by nonpropulsive contrac- 
tions which spread upward. 

Patients who have had repair of esopha- 
geal atresia, with or without tracheoeso- 
phageal fistula, do not show coordinated 
activity. The primary peristaltic wave is 
initiated in the pharynx, but does not pro- 
gress along the length of the esophagus. In 


many instances, it becomes dissipated 
above the line of anastomosis so that the 
contrast material remains in this area until 
a mass contraction occurs. Then, some of 
the contrast medium may pass in a retro- 
grade manner into the pharynx, but the 
bulk usually goes past the line of anasto- 
mosis into the lower esophagus. Although 
the initial impression in these instances 
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may be that of an organic obstruction at 
the line of anastomosis, it seems probable 
that, at least a considerable portion of the 
obstruction is functional, being dependent 
upon the disturbed motor activity. Con- 
trast material in the esophagus below the 
line of anastomosis, if of an amount that 
does not distend the esophagus, may re- 
main in the esophagus for many minutes 
until it flows downward. If of an amount 
to result in distention of the esophagus, 
secondary contractions mav occur that are 
either localized to the point of maximal 
distention or are more diffuse and involve 
most of the lower esophagus. These con- 
tractions result in both antegrade and retro- 
grade flow of the contrast material. In 
several patients, the retrograde flow was 
sufficient to enter the pharynx and spill 
over into the larynx and airway. In some 
patients, the esophagogastric junction was 
competent; in others, there was free flow 
from the stomach into the esophagus with 
crying and subsequent increase in intra- 
abdominal pressure (Fig. 1). 

Not in all patients was the extreme form 
of the abnormal motor activity apparent, 
and symptoms were not present in all 
patients. In all the postoperative patients 
examined cinefluorographically, however, 
there was some degree of incoordination of 
primary peristalsis, particularly below the 
line of anastomosis. Haight! has referred to 
this abnormality in $ patients, six to eight 
and one-half vears of age, examined by 
means of a rapid cassette changer. In one 
of our patients, seven vears of age, the 
mother stated that the child would regurgi- 
tate if he ate too rapidly or masticated in- 
sufficiently. He demonstrated deficient 
motor activity below the line of anasto- 
mosis and, at times, retrograde flow in the 
esophagus but not into the pharynx. 

The motor activity in the esophagus in 
these patients is not unlike that described 
after the administration of banthine (meth- 
antheline), an anticholinergic agent.? Thus, 
one Is led to speculate that the abnormality 
is secondary to interruption of the vagal 
fibers to the esophagus at the time of sur- 
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gical intervention. To date. however, it has 
not been possible for us to correlate the 
amount of operative dissection with the 
postoperative activity of the esophagus. We 
have had the opportunity, moreover, of 
examining pre-operatively one newborn 
infant with a tracheoesophageal fistula and 
a stenosis of the esophagus. There was de- 
ficient peristalsis below the fistula and be- 
low the area of stenosis with reflux of con- 
tents from the lower esophagus through the 
fistula and into the trachea, as well as from 
the stomach into the esophagus and into 
the trachea. Therefore, this abnormalitv 
in motor activitv may well be an inherent 
defect in vagal innervation that is com- 
pounded by the surgical procedure. Be- 
cause of the latter observation (gastro- 
esophageal reflux) patients with esophageal 
atresia and tracheoesophageal fistula are 
placed in a semi-erect position before and 
after surgery. This position, pre-opera- 
tively, may minimize the retrograde flow of 
gastric Juice (which is particularly acid dur- 
ing the first twenty-four hours of life) 
through the fistula and lessen the degree 
of pulmonary involvement. After surgical 
repair, the semi-erect position facilitates 
the passage of food through the esophagus 
and into the stomach. 


SUMMARY 


Cinefluorographic studies of 15 patients 
operated upon for esophageal atresia, with 
or without tracheoesophageal fistula, have 
demonstrated disturbed motor activity of 
the esophagus. This, when marked, may 
lead to recurrent aspiration pneumonia and 
favor the incarceration of foreign bodies in 
the esophagus. Its observation, pre-opera- 
tively, in a patient with tracheoesophageal 
fistula and esophageal stenosis, raises the 
question of an inherent vagal deficiency. 
The semi-erect position is preferred for the 
patient awaiting surgery, as well as for the 
postoperative patient. 


John A. Kirkpatrick, M.D. 

St. Christopher’s Hospital for Children 
Lawrence and Huntingdon Streets 
Philadelphia 33, Pennsylvania 
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ABERRANT INSERTION OF A PULMONARY VEIN 
INTO THE LEFT ATRIUM SIMULATING AN 
INTRINSIC LESION OF THE ESOPHAGUS 
By BERNARD NASH, M.D,* RICHARD M. FRIEDENBERG, M.D.,¢ 
and ROBERT GOETZ, M.D. 


BRONX, NEW YORK 


MONG the many congenital malforma- 
tions of the heart and great vessels, 
anomalous drainage of the pulmonary veins 
into the systemic venous circulation is a 
well-recognized entity. If the anomalous 
drainage affects the total pulmonary blood 
flow, life is possible only if there is an as- 
sociated intracardiac shunt, commonly an 
atrial septal defect. Partial drainage of one 
lung or of an individual pulmonary vein in- 
to the right auricle may be present as an 
isolated finding. With the development of 
cardiac catheterization and angiocardiog- 
raphy, anomalous pulmonary venous 
drainage has become a relatively common 
diagnosis. 

Other rare abnormalities of the pulmo- 
nary veins have been described which pri- 
marily concern variations in the total num- 
ber of veins emptving into the left atrium. 
This is generally ascribed to the degree of 
resorption into the atrial wall of the original 
common pulmonary venous trunk into 
which the individual pulmonary vessels 
converge. It is conceivable that variations 
in the degree of resorption might not only 
affect the number of pulmonary veins but 
also their place of insertion into the atrial 
wall. The result would be an “aberrant” 
venous insertion. 

The authors define aberrant venous re- 
turn as a condition in which a pulmonary 
vein inserts into its normal chamber, the 
left atrium, but the course of the vein varies 
from the usual pattern. Anomalous venous 
return represents a deviation from the na- 
tural order of embryologic development in 
which the pulmonary vein inserts outside of 
the left atrial chamber, compromising the 
physiologic function. 


* Adjunct in Medicine, Lebanon Hospital, Bronx, New York. 
t Director of Radiology, Lebanon Hospital, Bronx, New York. 


The following report concerns an aber- 
rant insertion of a left pulmonary vein into 
the left atrium which, by its position, pro- 
duced unusual clinical symptoms and 
roentgen findings. 


REPORT OF A CASE 


A forty-nine year old white female was first 
admitted to Lebanon Hospital in October, 
1958, with a five month history of precordial 
pain, substernal in character, radiating to the 
back and left side. This was associated with 
episodes of dysphagia, retching, vomiting and, 
occasionally, syncope. 

The past history revealed numerous hospital 
admissions, including one in January, 1939, for 
acute epigastric pain associated with tarry 
stools. Thorough examination at that time 
failed to demonstrate a causative lesion. In 
recent years she had been treated for diabetes 
mellitus, arteriosclerotic heart disease with mild 
coronary insufficiency and a persistent tachy- 
cardia of 120-130 per minute. Further history, 
after admission, disclosed that the symptoms 
of dysphagia had been present for many years. 
She described frequent episodes consisting of a 
sudden onset of dysphagia, followed by tachy- 
cardia, dyspnea, vertigo and incipient syncope. 
These attacks sometimes occurred during sleep 
and particularly when she was on her left side. 
The patient had developed a persistent non- 
productive cough a few months prior to the 
first admission, with one equivocal episode of 
hemoptysis following a bout of coughing. An 
intensification of the intermittent dysphagia 
accompanied these symptoms. Just prior to this 
admission, the patient was awakened from 
sleep by severe precordial pressure, dysphagia, 
retching and collapse, which led to the initial 
investigation in October, 1958. 

Physical examination, on admission, dis- 
closed the blood pressure to be 100/60, with a 
regular sinus rhythm and a tachycardia of 120 
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per mmute. A Grade 11 systolic murmur was 
heard ever the aortic and pulmonic areas with 
an accentuation of the second pulmonic sound. 
A mild exophthalmos was present; the thyroid 
was not palpable. The remainder of the physical 
examination was within normal limits. Labora- 
tory findings revealed the blood chemistry, 
blood count anc sedimentation rate to be within 
physiologically normal limits. The 
cardiograms did not point to an acute cardiac 


electro- 


episode, but were consistent with arteriosclero- 
tic heart disease and coronary insufficiency. 
Roen:genograms of the chest were within nor- 
ma. limits. Radioactive iodine uptake studies 
were normal. 

The patient’s stay in the hospital was un- 
eventful and she was discharged, at her request, 
ten days after admission. During the following 
two months the patient experienced intermit- 
tent episodes of dysphagia and retching, which 
were not severe. She was maintained on digital- 
ie and oral divretics because of early signs of 
congestive cardiac failure. At the beginning of 
December, 195%, the patient developed bouts of 
right upper quadrant pain, at intervals of two 
to three days, which increased in severity. 
These appeared to be unrelated to her previous 
complaints of dyspnea, dysphagia and the 
cardiovascular symptomatology, and led to the 
second admission in December, 1958. 

Physical examination, laboratory and electro- 
cardiographic findings were essentially un- 
changed. The cardiac symptoms were easily 
controlled wita bed rest and medication. 
Roentgen studies were requested fcr possible 
hiatus hernia, peptic ulceration or gallbladder 
patholegy, since the clinical picture suggested a 
subdiaphragmatic cause for the symptoms. 

The initial gastrointestinal series disclosed a 
large impression upon the anterior wall of the 
esophazus in the region of the left atrium, with 
a mocerate delay in the passage of the contrast 
medium at this point. The remainder of the 
examination revealed the esophagus, stomach 
and duodenum to be within normal limits. 
Small bowel examination appeared normal. A 
repeat examination of the esophageal lesion 
primarily suggested an intrinsic lesion of the 
esophagus, intramural in type, due to the over- 
hanging edge on the inferior margin of the 
lesion (Fig. 2, 4 and B). The appearance of the 
lesion and the clinical evaluation did not sug- 
gest simple enlargement of the left auricle. 
Chest roentgenograms disclosed no abnor- 
makty. On esophagoscopy, the esophagoscope 
passed into the stomach with ease and re- 
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Fic. 1, Anteroposterior angiocardiozram showing a 
left pulmonary vein entering the superior aspect 
of the left atrium somewhat more medially than 
is usually seen. 


vealed a normal esophageal mucosa with no 
evidence of displacement or of external pres- 
sure. Laminagraphy of the posterior medias- 
tinal area, with a barium filled esophagus, 
revealed intimate association of the left auric- 
ular appendage with the esophageal defect. 
The possibility of a localized lesion of the left 
atrium or appendage was suggested as the 
probable causative factor. 

Angiocardiography was performed in the 
frontal and lateral projections using 30 cc. of 
go per cent hypaque injected into the right 
ventricle through a No. 8 Lehman catheter. 
The right ventricle appeared minimally dilated. 
The pulmonary arteries revealed a normal dis- 
tribution and normal cycle of fillmg and empty- 
ing. Figure r, taken anteroposteriorly at ap- 
proximately four seconds after the commence- 
ment of injection, shows one of the left 
pulmonary veins inserting intc the superior 
aspect of the left atrium somewhat more 
medially than is usually seen. The vein appears 
dilated and larger in caliber than any of the 
other visualized pulmonary veins. To study the 
possibly aberrant course of this vein, angio- 
cardiography was performed in the lateral pro- 
jection with a barium filled esophagus. Figure 
24, taken approximately one second after the 
commencement of injection, reveals excellent 
visualization of the right ventricle and right 
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Fic. 2. Lateral angiocardiograms at (4) one second and (B) four seconds after injection of the contrast 
medium to show the aberrant course of the left pulmonary vein. 


ventricular outflow tract. There is no contrast 
medium in the area of the esophageal defect. 
Figure 2B, four seconds after the commence- 
ment of injection, demonstrates the large left 
pulmonary vein to be passing over the superior 
aspect of the left atrium and inserting into the 
posterior aspect at approximately the midpoint 
of the chamber. The vein occupies the entire de- 
fect in the esophagus and thus can be assumed 
to be the cause of the defect. 

It was felt that this finding satisfactorily 
explained the symptomatology and the defect 
noted on the esophageal study. Surgery was not 
advised to correct this condition. The reason 
for the attacks of right upper quadrant pain 
was provided by the results of intravenous 
cholangiography, which disclosed a stone im- 
pacted in the cystic duct. Cholecystectomy 
relieved these symptoms. Following surgery, 
fluoroscopic and roentgenographic examina- 
tions of the esophagus did not disclose any 
change in the extent or appearance of the in- 
dentation caused by the aberrant insertion of a 
left pulmonary vein into the left atrium. 

The symptoms which initiated the investiga- 
tion still recur intermittently, but are not in- 
capacitating. Knowledge of the causative factor 
has relieved the patient's anxiety. 


DISCUSSION 


Whereas the literature contains numer- 
ous reports of anomalous pulmonary ve- 
nous drainage (complete or partial) into the 
right atrium or its tributaries, abnormal 
insertion of a pulmonary vein into the left 
atrium, with normal drainage, has not been 
recognized as a clinical entity. 

The seemingly unrelated variations that 
occur in the pulmonary venous drainage 
have been well understood from the study 
of the embryology of the pulmonary vas- 
cular tree.2 Similarly, variations in the 
number of pulmonary veins draining into 
the left auricle are readily explained if we 
remember that the pulmonary venous 
plexus is composed of individual veins 
which drain the various lobes of the lung 
buds and which then form a common pul- 
monary vein entering the left atrium dor- 
sally. Usually, this main pulmonary vein 
and its branches are incorporated into the 
dorsal aspect of the left atrium during the 
formation of this chamber, so that two 
branches open into the left atrium on either 


sice. I^ the common pulmonary vein is in- 
corporated to a lesser degree, single instead 
of paired vessels may be encountered, and 
vice versa. Thus Brantigan! describes seven 
varieties of venous insertion. Although 
oceasienally seen at the operating table, 
thes abnormakbty has, to our knowledge, not 
been associated with clinical symptoms. 
The abnormality visualized in our pa- 
tient difers from those described by Bran- 
tigan as there occurred a cross-over of the 
lest pulmonary vein, which, instead of en- 
tezing the left atrium on the left, entered 
it to the right of the midline. As in abnor- 
malities of the aortic arch, such as an ar- 
tezia lasoria, the importance of this anom- 
aly depends upon whether it produces 
symptoms. While with an arterial lesion the 
















symptoms are unquestionably those of 


pressure by the artery on neighboring 
structures, the symptoms produced in the 
case of a "vena lusoria" may not only be 
those of pressure by the vein on neighboring 
structures but also those of pressure by the 
neighboring structures on the vein. Due to 
the los pulmonary venous pressure, the 
la:ter condition would appear to be more 
likely giving rise to symptoms cf pulmo- 
nary congestion. 

The esophageal studies in our patient 
were performed because of a presenting 
symptom of dysphagia. The roentgenologic 
finding on barium swallow was that of an 
esophageal defect which simulated an intra- 
mural, extramucosal lesion of the esopha- 
gus, The differential diagnosis was between 
such an esophageal lesion, bizarre enlarge- 
ment of the left atrium, tumor of the 
pericardium and unusual i Lue of 
the esephageal lymph nodes. The negative 
esophagoscops suggested that the defect 
wes preduced by extrinsic pressure which 
could be relieved by pressure of the esopha- 
goscope and this, in turn, suggested a vas- 
cular anomaly. 

Tt is surprising that the presenting symp- 
tom, dysphagia, was caused by the aberrant 
course of the pulmonary vein. As stated 
above, the low pressure pulmonary system 
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would appear more likely to bear the brunt 
of the pressure with resultant pulmonary 
congestion. However, the defect seen on 
barium swallow and which could not be 
visualized on esophagoscopy was conclu- 
sively proved by angiocardiography to bea 
pulmonary vein crossing in front of the 
esophagus. 

The authors have knowlecge of 1 case 
with similar findings which was operated 
upon in a New York hospital for a probable 
leiomyoma of the esophagus. At surgery, an 
aberrant pulmonary vein causing the 
esophageal defect was found. 

Obviously, this diagnosis can only be 
made if the opacification of the vein can be 
seen by angiocardiography. Therefore, this 
procedure should be considered when the 
clinician is faced with an unusual defect of 
the esophagus in the region of the left 
atrium and a negative esophagoscopy. 





SUMMARY 


1. Variants in the insertion of pulmonary 
veins into the left atrium can be easily 
explained on an embryologic basis. 

The possibility of such an aberrant 
insertion causing symptoms of dysphagia is 
illustrated by the case reported. 

3. Since anomalous dr ainage of pulmo- 
nary veins into the systemic venous circula- 
tion is known as anomalous pulmonary 
venous return, the variant described above 
has been terned "aberrant insertion of the 
pulmonary vein into the left atrium." It is 
felt that this is probably a frequent occur- 
rence, although causing symptoms rather 
rarelv. 

Richard M. Friedenberg, M.D. 


Lebanon Hospital 
New York 57, New York 
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LIGNIBEZOAR 
REPORT OF A CASE 


By MERRELL E. THALLINGER, M.D., and JESSE T. LITTLETON, HI, M.D. 


SAYRE, PENNSYLVANIA 


EZOARS have been the source of much 

interest for many centuries. Indeed, in 
the 1500's, and possibly even before, an 
animal bezoar was highly valued for the 
great powers that it was thought to con- 
tain. It was believed that, if the owner were 
to wear it as a charm or to ingest a particle 
of it, he would be iow from or cured 
of a wide variety of maladies, such as 
epilepsy, plague, headache, dysentery, lep- 
rosy, and vertigo. In addition, it would 
neutralize any poison and would be an 
effective agent against hemorrhage. In re- 
turn for one of these wonderful stones, 
great sums of money changed hands. They 
became more valuable than gold, silver, and 
precious Jewels. 

Man's only interest in bezoars was as a 
source of miraculous remedy until the late 
1700's at which time the first human bezoar 
was found. Over the years since then, man's 
superstitious Interest in bezoars has given 
way to an interest in bezoars as a medical 
curiosity. Though there are about 400 cases 
reported in the literature, the majoritv of 
authors still considers them a rarity. 

The definite diagnosis of a bezoar on the 
basis of history and physical examination 
alone is unusual and the best that can be 
hoped for is its inclusion in the differential 
diagnosis. The patient will rarely volunteer 
the information that he has eaten hair, 
persimmons, or other substances related to 
bezoar formation and it is unusual for the 
clinician to ask such questions. The symp- 
toms of anorexia, epigastric distress, pain 
or tenderness, nausea, vomiting, abdominal 
mass, weakness, weight loss, constipation, 
and diarrhea, alone or in combination, 
common to bezoars, are certainly not 
pathognomonic and could well point to any 
one of many gastrointestinal id de If 
intestinal obstruction, gastric ulcer (which 
is usually on the lesser curvature), or per- 


foration of an ulcer should occur as a result 
of the bezoar, the patient will present with 
the usual symptoms of that particular 
gastrointestinal complication. 

Laboratory studies may help to point 
the way to a correct diagnosis. The major- 
ity of cases are accompanied by a mild 
leukocytosis and a slight secondary anemia. 
In the case of a trichobezoar, gastric analy- 
sis frequently reveals low acidity, while 
normal or high acidity is usually found in 
cases of phytobezoars. In addition, bits of 
the component material may be obtained 
with the specimens for gastric analvsis. 
Also, stool examination may reveal par- 
ticles of the offending substance. 

The roentgenographic examination will 
usually reveal the correct diagnosis. It can 
be said that the characteristic roentgen 
findings, by both roentgenography and 
fluoroscopy, are pathognomonic. At the 
fluoroscopic examination, the ingested bar- 
ium meal will be seen to outline the 
stomach walls leaving a radiolucent filling 
defect within the lumen of the stomach. At 
the same time, it may be noted that the 
stomach is distended. As more of the bar- 
ium meal passes into the stomach, the 
general outline of the filling defect remains 
but it will begin to take on a striated or 
mottled appearance as the barium fills the 
small spaces between the particles of matter 
making up the bezoar. The general outline 
of the filling defect will usually match that 
of the stomach itself. The mass is frequently 
movable on palpation and, when the stom- 
ach is filled with barium, it may be pushed 
toward the gastric fundus so that a portion 
of this striated or mottled mass will pro- 
trude into the gastric air bubble above the 
air-fluid level. The roentgenograms will 
confirm the fluoroscopic findings. It is fre- 
quently helpful to obtain a roentgenogram 
of the abdomen several hours after the 
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instial examination, when the stomach has 
emptied the barium contents, since it will 
frequently reveal in the region of the stom- 
ach a mass which has a striated or mottled 
appearance due to barium temporarily 
trapped in crevices between the consituent 
particles of the bezoar. 

Many fine articles concerning bezoars 
can be found in the literature. Rather than 
to attempt to repeat what has been so 
acequately written by others, the foregoing 
was designed as a brief summary of bezoars 
in general. For greater detail, the reader is 
referred. to the reports of Thorington,? 
DeBakey and Ochsner, Tondreau and 
Karklin,® and others who have contributed 
tc our knowledge of bezoars through the 
medical literature. The primary purpose of 
this report is to present a case history of an 
unusual type of bezoar, one consisting of 
wooden splinters. 


REPORT OF A CASE 


The patient was a well developed, well 
nourished eighteen month old white male child. 
The parents noted him chewing on parts of the 
cob railing. Eventually, about $ inch of the 
wood had been removed most of the way 
around the crib with no evidence of the pieces 
tc be found. Two or three days after this wood 
chewing was first noticed, the patient began 
te pass wooden splinters in his stools. At this 
point, the crib railing was covered with tape to 
prevent further chewing. He continued to pass 
3 to 5 loose stools per day, all with considerable 
mucus and bits of wood. On one occasion he 
vomited pieces of wood up to 23 inches long. 
During ths time, he had continued to eat well. 
The parents stated that the child had no ap- 
parent abdominal pain but he did cry when 
moving his bowels. The patient was seen by the 
family physician who suggested that he be ad- 
mitted to the hospital to determine the amount 
of wood remaining in his gastrointestinal tract. 

The child was admitted to the Robert Packer 
Hospital in Sayre, Pennsylvania, on March 25, 
1960, approximately three weeks after he was 
fast noticed chewing on his crib. He continued 
to pass splinters in his stools (Fig. 1) but had 
no mere episodes of vomiting after the original 
s ngle occasion. 

The system review was negative and it was 
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Fic. 1. A few of the wooden splinters found in the 
patient’s stool. The scale is in centimeters. 


determined that he had been gaining weight, 
although slowly. He had been hospitalized at 
Robert Packer Hospital in November, 1959 for 
bronchopneumonia which had responded well 
to treatment. There were no known allergies. 
He was eating table foods and taking vitamins. 

'The physical examination revealed a normal, 
alert, cooperative child weighing 31 pounds. No 
abnormalities were found. 

A blood count obtained on the day of ad- 
mission reported 8.9 gm. of hemoglobin, hema- 
tocrit 31 per cent and a white blood cell count 
of 6,650 with a differential of 44 per cent neutro- 
phils and 56 per cent lymphocytes. 

Also on the day of admission, a gastroduo- 
denal examination was requested of the 
Radiologv Department. At fluoroscopy, after 
ingestion of a barium mixture, a rather large 
filling defect was noted within the lumen of the 
stomach; it was roughly triangular in shape 
with the apex projecting into the gastric 
antrum. The mass was freely movable and the 
fluoroscopist gained the impression that it 
floated on the ingested barium-water mixture. 
The walls of the stomach appeared normal and 
barium was seen to pass freely from the stomach 
into the duodenum. The duodenal bulb ap- 
peared to be within normal limits. The spot 
roentgenograms revealed a negative filling 
defect within the gastric lumen (Fig. 2). This 
defect appeared to contain linear striations of 
increased density apparently due to the in- 
gested barium. A roentgenogram obtained one 


894 





Fic. 2. 
fluoroscopic examination, showing the stomach 
filled with barium and the bezoar represented by 
a mottled, striated negative filling defect. 


hour after the initial examination revealed the 
barium meal passing freely through a normal 
small intestine. Another roentgenogram taken 
four hours after the barium had been ingested 


m... EX 


Fic. 3. 
ingestion of the barium meal showing the barium 
impregnated bezoar in the stomach and the barium 
meal in the large and small intestine. 


Merrell E. Thallinger and Jesse T. Littleton, III 


Spot roentgenogram, obtained during the 





Roentgenogram obtained four hours after 
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Fic. 4. The bezoar, consisting of wooden splinters, 
which was removed from the patient's stomach at 


surgery. The scale is in centimeters. 


revealed a barium coated foreign body within 
the stomach, with no residual free barium 
(Fig. 3). The roentgen diagnosis was reported 
as a foreign body within the stomach having 
the appearance of a bezoar. 

A single scout roentgenogram of the abdo- 
men was obtained three days after the initial 
examination; it once again showed the barium 
impregnated mass in the region of the stomach. 
It appeared to be of the same size as originally 
noted. A period of forty-eight hours passed 
during which no splinters of wood were found 
in the stool so it was decided that the bezoar 
should be removed surgically. 

On March 29, a gastrotomy was performed. 
At operation, a large mass was felt in the 
stomach and, after opening the stomach, a 
large ovoid concretion composed of numerous 
wooden splinters cemented together by thick 
mucoid material was removed (Fig. 4). The 
mass measured 9.5 cm. in length by 3.5 cm. in 
width. The wooden splinters averaged 6 to 9 
cm. in length. A thorough search was made for 
other splinters, but none were found, and the 
stomach was closed. 

The patient did well postoperatively and no 
complications were encountered. He was dis- 
charged on the ninth postoperative day, April 
1960. 


, 


DISCUSSION 


been divided into four 
categories on the basis of their constituent 
materials. Trichobezoars are those com- 
posed of hair. They range from human hair 
through animal hair to string and thread. 
Phytobezoars are composed of various food 
materials of plant origin. They may consist 


Bezoars have 
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of steras, fibers, leaves, roots, and seeds. 
The most common in this category are 
pezsimmon bezoars. Trichophytobezoars 
are these composed of a combination of the 
metericls in the above two categories. The 
fourth category includes miscellaneous 
bezoars and concretions which have been 
reported as consisting of asphalt, shellac, 
sard, end other substances. 

The bezoar cescribed in this presentation 
weld most likely be classified in the fourth 
civego:v as a miscellaneous bezoar. True, 
it s of plant origin but it certainly is not a 
focd smbstance and, therefore, not a true 
phetobezoar. Ft is suggested that bezoars of 
ths neture might be termed lignibezoars. 








SUMMARY 


A brief summary has been presented of 
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the history, symptoms, and laboratory 
and roentgen findings of bezoars. A case 
history has been reported of an unusual 
type of bezoar consisting of wooden splin- 
ters with the suggestion that it might be 
termed a lignibezoar. 


Merrell E. Thallinger, M.D. 
Robert Packer Hospital 
Sayre, Pennsylvania. 
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PRIMARY RHABDOMYOSARCOMA OF THE 
STOMACH AND ESOPHAGUS* 


By ARCH W. TEMPLETON, M.D., and D. JAMES HESLIN, M.D.C.M. 


DETROIT, MICHIGAN 


RIMARY rhabdomyosarcoma of the 
upper gastrointestinal tract is a rare 
tumor. Stout and Lattes? reviewed 4 cases 
of rhabdomyosarcoma primary in the 


esophagus, and Stout’ has seen 2 cases of 


rhabdomyosarcoma involving the stom- 
ach. Geschickter,? Gordon-Taylor,’ and 
Pack and Ariel? in their extensive reviews 
of striated muscle tumors do not include 
any cases in which the esophagus or stom- 
ach was the organ of primary involvement. 
The roentgenologic, radiotherapeutic, 
surgical and pathologic findings 1n 2 cases 
of rhabdomyosarcoma that involved the 
stomach and upper esophagus respectively 
form the basis of this report. 
Rhabdomvosarcomas occur in both 
sexes equally and at any age. Trauma does 
not appear to be a causative factor. Al- 
though the exact etiology is unknown, the 
congenital theory appears to be most ten- 
able. Geschickter? has pointed out that 
within the first month of embryonic life the 
primitive digestive tube is partially in- 
vested with a sheet of mesoderm from 
which a part of the body's skeletal muscu- 
lature is derived. Also, mature striated 
muscle cells are completely differentiated 
end products and are unable to undergo cell 
division. The growth characteristics of 
these tumors are extremely variable." 
Rhabdomvosarcomas tend to metas- 
tasize quite early to the lungs via the 
blood stream. Thev mav, less commonly, 
disseminate by way of the lymphatic sys- 
tem. Pack and Ariel? who show a 33 per 
cent five-year cure rate in their series, feel 
that surgery is the treatment of choice; 
however, the judicious use of radiation 
therapy has a definite place in the over-all 
management of the patient with this lesion. 


REPORT OF CASES 


Case r A three vear old Negro male was 
seen at Henry Ford Hospital with a six month 
history of painless swelling in the right neck. 
Physical examination was completely negative 
except for a 4X6 cm. freely movable, spherical, 
cystic mass located in the anterior triangle of 
the neck. 

Surgical exploration of the neck on June 13, 
1950 disclosed a tumor which did not appear to 
arise from, nor have any connection with, the 
surrounding musculature. It was completely 
excised, and the pathologic interpretation of 
the frozen sections was "cervical lymph node, 
almost completely replaced by tumor.” 

Subsequent paraffin sections of the tumor 
tissues stained with hematoxylin and eosin 
showed a highly cellular tumor with a scanty 
fibrous tissue stroma. There were clusters, 
sheets and clumps of both, small round cells 
with minimal cytoplasm and larger spindle 
shaped cells, some of which were in an alveolar 
pattern. These latter cells showed polar elonga- 
tion of the cytoplasm into homogeneous pink 
processes in which no fibrils or striations could 
be definitely identified. Imprint preparations 
showed fairly uniformly distributed chromatin 
particles in the nuclei. Of special interest was 
the identification of giant, intensely pink, 
glassy appearing nucleoli. The final diagnosis 
was rhabdomyosarcoma partially replacing a 
lymph node. 

Numerous physical, laboratory, and roentgen 
examinations did not demonstrate the primary 
tumor site. The child was discharged on June 
19,7 1960, to be followed in the out-patient 
clinic. 

One month later he was re-admitted with a 
two week history of anorexia, intermittent 
vomiting of yellow bile-like material and a four 
pound'weight loss. There was no history of 
hematemesis or melena. 

Physical examination at this time revealed a 
firm, nontender, well circumscribed abdominal 


* From the Henry Ford Hospital, Department of Radiology, Detroit, Michigan. 


896 


Vei. 8& No. 5 


mass orojecting from beneath the left costal 
margir. Bowel sounds were normal, and the 
abdomen was not distended. The chest was 
clear. Laboratory studies were noncontribu- 
tory. The child developed symptoms of in- 
creasing high intestinal obstruction. Roentgen 
stadie: of the abdomen (Fig. 1), urinary sys- 
ten (Fig. 2), and upper gastrointestinal tract 
(big. -) were obtained. 

Beczuse of the roentgen demonstration of a 
la-ge gastric tumor, a laparotomy was per- 
formec on July 27, 1960. A huge mass was im- 
mediawly encountered arising from and in- 
vclvinz the upper two-thirds of the stomach. 
The gastric mass was contiguous with large 
ndura-ed lymph nodes located in the pyloric, 


ceiac .nd porta hepatis areas. The pylorus it- 
sef w.s infiltrated and partially obstructed. 
Since curative surgery was not thought 


pessibE, a gastrojejunostomy was done and 
maltipe biopsies were taken. 

The datient’s immediate postoperative course 
wis sctisfactory. Because of the large mass 
encroa-hing on the lumen of the proximal 
stemach, further obstruction was anticipated. 
Rediat on therapy was therefore initiated in an 
effort o reduce the tumor mass. À minimum 
tumor dose of 4,500 r was planned, and, if at 





Fie. 1. Case 1. Supine roentgenogram of abdomen 
cemoastrating a large homogeneous soft tissue 
censi-y in the left upper abdomen and deformity 
«f the gastric air bubble. l 
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Fic. 2. Case 1. An excretory urogram shows normal 
renal outlines, position and collecting systems. 
The mass in the left upper quadrant is sharply 
outlined. 


the end of this time the patient was tolerating 
the radiation satisfactorily, the tumor dose 
would be carried to 6,000 r. Cobalt 60 was used 
with a daily tumor increment of 200 r. Un- 
fortunately, during the next two weeks the 





Fic. 3. Case 1. A roentgenogram of the stomach dem- 
onstrates a large gastric mass producing a filling 
defect in the fundus and body of the stomach. 
There is generalized mucosal destruction. 
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Fic. 4. Case 11. Esophagrams show a smooth, intramural defect in the posterior cervical esophagus. 


patient began to accumulate ascites and de- 
veloped urinary retention. Therapy had to be 
discontinued on August 18, 1960 after a tumor 
dose of 2,200 r had been delivered. The child 
expired ten days later. 

Significant autopsy findings were limited to 
the abdomen. The entire stomach was in- 
volved by a huge tumor mass which extended 
to the second portion of the duodenum, the left 
lobe of the liver, and the undersurface of the 
left hemidiaphragm. In addition, there was 
direct extension of tumor into the pancreas. 
Metastatic disease was not found. Microscopic 
examination of the tumor tissues revealed a 
pattern entirely similar to that seen in the 
cervical lymph node. There was no histologic 
evidence of any nuclear or cellular change that 
could be attributed to radiation. 


Comment. Malignant tumors of the 
stomach are very unusual in voung child- 
dren. McNeert in reviewing the world 
literature found 19 cases of gastric cancer 
in the age period from birth to fifteen years. 
The sites of malignancy in children differ 
from those in adults, and, although no part 
of the body is exempt, 8o per cent of all 
malignant tumors in voung children occur 


in the adrenals, kidneys, eves, blood, brain 
or bones.5 There is little correlation be- 
tween the histologic characteristics of a 
particular tumor and its biologic behavior. 

There was a time lapse of six weeks from 
the initial physical examination and cer- 
vical lymph node excision to the dav of 
abdominal exploration. In this time the 
large epigastric mass became apparent. 
Such rapid enlargement would be typical 
of the "hurricane" growth described by 
Gordon-Taylor? The factor, or factors 
stimulating such sudden and rapid tumor 
growth remain unknown. 

The first and only known distant metas- 
tasis in this case was to a cervical lymph 
node. There was also extensive spread of 
the tumor to the celiac and portal lymph 
node structures at the time of laparotomy 
and autopsy. The more common blood- 
borne metastases were not found. 

It is not surprising that the tumor did 
not show any clinical regression or subse- 
quent pathologic changes attributable to 
the radiation therapy. Unfortunately, the 
patient's poor condition made radiation 
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therapy impossible after a tumor dose of 
2,200 r was given. It might be argued that 
the patient did not live long enough for any 
radiation induced tumor changes to be- 
ccme manifest. The general impression 
eeined from reading the scant literature on 
this subject is that these tumors are almost 
always radio-incurable. However, they are 
frequently radio-responsive to a moderate 
dese ot therapy. 











Cass n. A fifty-five year old white male en- 
eced Henry Ford Hospital on August 22, 1960 
th a two and one-half month history of pain- 
fa, dificult swallowing. He denied nausea, 
vomiting, hematemesis, significant voice change, 
or melena. He had a twenty pound weight loss 
in three months. 

Physical and 


* 
i 








laboratory findings were non- 
caatr butory, Examination of the ears, nose, 
arc] throat, including direct laryngoscopy, 
wis negative as was thyroid scanning. Roent- 
gerograms of the esophagus (Fig. 4) were 
obtained and because of the findings, esopha- 
soscopy and biopsy were s de The 
esophagoscopist described mild indentation of 
the posterior cervical esophagus but the biopsy 
did nov Gai any abnormality: 





be a Pus 4 hi 4 cm. eh dise mass d 
within the musculature of the posterior esopha- 
gus just below the level of the cricopharyngeal 
mascle, The tumor was completely removed. 
Pathologic examination of the surgical speci- 

svealed a bizarre, compact pattern of 
sells with peripheral nuclei, elongated 
sap -ells, small round cells, and “racquet” 
cels istermixed with striated muscle fibers. 
Fhere was a scanty amount of eosinophilic 
cytoplasm, PAS with and without diastase 
digestion showed the presence of a large amount 
of glycogen in the tumor. These latter findings 
and the absence of wiry reticulum between the 
tamor cells indicated the tumor to be of 
striated muscle origin. The final diagnosis was 
habcomyosareoma. 















Comment. The embrvogenesis of the tu- 
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mor in this case is very likely -he same as in 
Case 1. The growth characte-istic is prob- 
ably one of slow growth with sudden accel- 
eration. Again, the growth stimulus re- 
mains unknown. Because of somplete sur- 
gical enucleation of the tur or, radiation 
therapy was not indicated at this time. 
The patient has remained sv rr ptom free. 


SUMMARY 


Two cases of primary upper gastrointes- 
tinal tract rhabdomyosarcomas have been 
presented. Our experince in egard to the 
roentgen findings, treatment nd pathology 
of this very rare tumor 1s discussed. 

Arch W. Templeton, M.D. 


Henry Ford Hospital 
Detroit 2, Michigan 


The authors wish to thank Er. Roy Patton 
for the interpretation of the pathologic ma- 
terial. The helpful suggestions cf Drs. William 
R. Eyler and Robert J. Bloor are also gratefully 
acknowledged. 
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GASTRODUODENAL INTUSSUSCEPTION 


By SVERRE GRONLIE and BJARNE ROSSELAND 
FREDRIKSTAD, NORWAY 


NTUSSUSCEPTION in the intestinal 

tract occurs rather frequently, and gas- 
troduodenal intussusception is not rare, 
although the diagnosis is seldom made 
preoperatively. The first report of roent- 
genologically demonstrated — gastroduo- 
denal invagination was that of Lónnerblad! 
in 1933, who presented 2 cases. 

In that report he described in detail the 
roentgenologic criteria for the diagnosis of 
intussusception, #.e., the characteristic con- 
tour of the mucosa and the distinctive 
appearance of the apex of the intussuscep- 
tum when contrast material is employed. 
The same criteria are valid for the relatively 
common ileocolic intussusceptions seen in 
children. In children these invaginations 
are rarely caused by pathologic alterations, 
while in adults they are almost always the 
result of pathologic processes, such as 
polyps, tumors, foreign bodies, etc. 

In 1939 Zdansky* reported 1 case, and in 
1955 Mauthe and Zwicky? reported 2 cases 
of gastroduodenal invagination which had 
been diagnosed roentgenologically. Mar- 
shak e£ al.? described in 1951 a case which 
was intrepreted roentgenologicaly as a 
tumor in the descending part of the duo- 
denum, but which proved on operation to 
be an intussusception of a tumor from the 


greater curvature in the pyloric antrum. In . 


their paper, the authors gave a summary of 
a number of cases of gastrointestinal invag- 
ination, but they found only 2 cases in 


which the diagnosis had been made pre-. 


operatively, and these were the 2 cases of 
Lónnerblad.' 
. It is probable that the diagnosis is rarely 
made by the roentgenologist because, in 
most instances, the invagination is a labile 
condition in which the intussusceptum 
. moves 1n and out. There appears to be a 
certain periodicity in the symptomatology 
which supports this assumption. The typi- 
cal findings are most readily obtained when 


the intussusceptum is incarcerated, with 
the pylorus as the hernial orifice, or when 
the patient is examined by chance just at 
the moment when the intussusception is 
present. 

The present report is of a case in which 
the intussusceptum was incarcerated. 


REPORT OF A CASE 


. A seventy-eight year old man, pensioned, 
was transferred to Sentralsykehuset for Ostfold 
i Fredrikstad, Medical Department, from an- 
other hospital where he had spent a little less 
than three weeks. For the preceding two years 
he had suffered from a dyspepsia, but not to 
such an extent that he had sought medical 
advice until he suddenly had hematemesis 
about seven weeks before admission to Sentral- 
sykehuset. He had subsequently twice had 
hematemesis which was relatively severe and 
was followed by melena. He grew debile, con- 
sulted a physician, and was admitted to the 
nearest hospital. Here the initial treatment was 
blood transfusions and his general condition , 
gradually improved. Rectoscopy and roentgen 
examination of the colon and stomach revealed 
no definite pathologic signs except for sigmoid 
diverticula. However, as his condition later 
grew worse, he was transferred to the Medical 
Department at Sentralsykehuset. 

On admission the patient was pale, slightly 
cyanotic, and complained of pains around the 
anal region and downward in the left thigh. 
Clinical findings included: pulse rate, 80 and 
regular; blood pressure, 135/75; hemoglobin, 
7.59 gm. per 100 ml. of blood; heart, uncharac- 
teristic systolic murmur; electrocardiogram, - 
normal; abdomen, normal intestinal ausculta- 
tion, soft, not sensitive, no intestinal tautness, 
and no palpable tumor. 

Roentgenograms from the previous hospital 
admission were available and careful scrutiny 
revealed in ohe of them an alteration in the 
descending part of the duodenum, which indi- 
cated the need for further examination. On the 
new roentgenograms the typical contours seen 
in intussusception were found as well as a 
pronounced apex of the intussusceptum (Fig. 
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F e. 1. Pronounced longitudinal stripes—the stalk— 
surrounded by rings of contrast material in two 
layers. 


1 and 2). On the basis of these findings the 
Reentgen Department made the diagnosis: 
gastrocuodenal intussusception. The patient 
was transferred to the Surgical Department and 
Was operated at once. 

The -oentgenologic diagnosis was confirmed. 
We cite from the surgeon's (Rosseland) de- 
sception: At first inspection, both the stomach 
aad the duodenum appeared normal except 
thet tke pylorus seemed wide. Palpation rela- 
tively ar down on the descending part of the 
d oderam revealed a fairly soft tumor, almost 
tbe siz- of a tennis ball. Extending from the 
tumor upward through the pylorus and to the 
posterier wall of the stomach a rope-like struc- 
ture was palpable. There was a deep inden- 
t: mon ñ the fundus, the bottom of which could 
nə- be reached with a finger. It thus appeared 





Ve 2. Shortening and obliteration of the lesser 


aurvacure with indentation in the fundus (arrow, 
vpper right) and an egg-shaped tumor in the de- 
sendng part of the duodenum with pro- 
rounced apex invagination (arrows, left). 


Fic. 3. The gastric specimen spread open with the 
tumor attached to the upper part of the anterior 
wall of the fundus. 


that the tumor had its origin in che upper part 
of the fundus. Attempts to push the tumor into 
the stomach manually were of no avail, so 
gastrotomy was performed. A mucous stalk 
was revealed, and by pulling on this it was 
possible to draw the tumor up. There was a 
necrotic, bleeding area on the upper surface of 
the tumor, which had a broad base arising 
from the anterior wall of the stomach. The 
bleeding was rather profuse. As the tumor was 
located so high in the stomach, a subtotal 
gastrectomy was performed with the usual 
anastomosis. The portion of the stomach 
which was removed (Fig. 3 and =) measured 30 
cm. along the side of the greater curvature, and 
15 cm. on the side of the lesser curvature. The 
specimen weighed 340 gm. 

Histologic diagnosis: leiomyoma with necro- 
sis. 

The postoperative course was uncompli- 
cated. 





Fic. 4. The same specimen as in Figure 3 with the 
tumor intussuscepted. 
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Comment. Yt is not difficult to make the 
diagnosis when the characteristic contours 
are present (Fig. 1 and 2). The shortening 
of the stomach, the obliteration of the 
lesser curvature, the widening of the de- 
scending part of the duodenum and the 
marked apex of the intussusception are 
visible in Figure 2. There is also a central 
tunnel-shaped defect in the contrast mate- 
rial with axial stripes surrounded by rings 
(Fig. 1). These longitudinal stripes repre- 
sent the innermost lumen of the tube—a 
stalk---while the circular rings of contrast 
indicate the middle and outer tubes formed 
partlv by swelling of Kerkring's folds and 
partly by folding of the outer intestinal 
laver. This description is, on the whole, 
similar to that presented by Lónnerblad.! 


Sverre Grónlie and Bjarne Rosseland 


NOVEMBER, tg61 


SUMMARY 


A case of gastroduodenal intussusception 
diagnosed preoperatively is reported. A 
short review of 5 cases found in the avail- 
able literature is given. 

Sverre Gronlie 
Central Hospital 
Ostfold County 
Fredrikstad, Norway 
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INTUSSUSCEPTION OF A MALIGNANT 
DUODENAL. POLYP* 


By RENATE T, 


SOULEN,t M.D., and PAUL L. LEWIS, M.D. 


PHILADELPHIA, PENNSYLVANIA 


HE incidence of polyps of the small 

bcwel is relatively small, but of these 
aoout 45 per cent occur in the duodenum. 
These reported have been benign. Infre- 
q ently, such polyps are complicated by 
intussusception. Recently, we examined a 
pazien- with a duodenojejunal intussuscep- 
tion secondary to a malignant poly p. 


REPORT OF A CASE 


a fif y-eight year old Caucasian male was 
acmitred December, 1959, with a history of 
incügesmon and occasional bloating of five to 
siz years’ duration. For the preceding two 
months, he had noted episodic distention asso- 
ciaced with constipation and rectal bleeding. 
Tiere was no weight loss. A large polypoid 
defect had been demonstrated in the duo- 
derum vn 2 different roentgen examinations. In 
vizw o: the more recent symptoms, he was 
ac mitted for elective surgery. 

His past medical history included a pitui- 
tav adenoma in 1955 treated with radiation 
the-apy. Later he developed blindness of the 
le:t eye and adrenal steroid deficiency. He was 
wel. maintained on hydrocortisone. 

Physzal findings were within the limits of 
namal, except for the blindness. Routine 
la»oracery studies were normal. 

Foerrzen Studies. The first examination was 
dave at another hospital in 1954 at the onset 
of the patient's abdominal complaints. The 
stu ly showed a large diverticulum arising from 
the deseending loop of the duodenum, and an 
ova filing defect in the third portion of the 
ducdenum, measuring 6 by 4 cm., without ob- 
strection (lig. 1). He was examined again in 
November, 1959, and the same abnormalities 
were demonstrated (Fig. 2). The filling defect 
appearel unchanged since the previous ex- 
amamation five and one-half years earlier. The 
roeatgez interpretation was a benign tumor. 
Stady et our hospital one month later again 
demons rated the diverticulum and the tumor, 





Fic. 1. 


May, 1954: initial study. Note the large 
diverticulum arising from the descending duo- 
denum, and an oval filling defect i1 the third por- 
tion without intussusception. 


with the additional complication of extensive 
intussusception (Fig. 3, Zand B. 

The preoperative diagnosis was duodenal 
adenoma. At surgery, a polypoid tumor ap- 
proximately § cm. in diameter was found in 
the second portion of the duodenum. Since the 
muscular coat seemed to be inveded, a frozen 
section was obtained. Well-differentiated adeno- 
carcinoma was reported. Therefore, a subtotal 
gastrectomy, partial duodenectomy and ante- 
colic gastrojejunostomy were performed. No 
other tumor was seen. Since surgery, the pa- 
tient has done well. When last seen five months 
after the operation, he was asymptomatic and 
was working full time. 

Histologically, the tumor preved to be a 
pedunculated adenomatous polyp with a focal 
area of well-ditferentiated adenoca-cinoma show- 
ing limited invasion of the stroma (Fig. 4). 


DISCUSSION 


Polyps of the small bowel «re most fre- 


* From mhe Departments of Radiology and Pathology, Jefferson Medical College Hospital, Philadelphia, Pennsy Wania. 
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Fic. 2. November, 1959: repeat study five and one- 
halr years after Figure 1. The same abnormalities 
are demonstrated. The filling defect appears un- 
changed. Once again there is no evidence of in- 
tussusception. 


quently asymptomatic, and discovered at 
autopsy. While vague gastrointestinal 
symptoms occur occasionally, polyps which 
become symptomatic generally present 
with obstruction, especially intussuscep- 
tion, or bleeding. River e a/.,° in their com- 
prehensive review of benign small bowel 
neoplasms, found them to be the most com- 
mon cause of intussusception in adults. 
However, this complication is usually of 
ileal origin. Prolapse of gastric mucosa or 
polyps with gastroduodenal intussuscep- 
tion are also seen with some regularity, but 
intussusception of a duodenal poly» is rare. 
River eż al. found 13 references to such in 
the world literature, and since their review, 
we have learned of 4 others,?-* all benign. 
At least 1 of these, in addition to our case, 
intussuscepted beyond the ligament of 
Treitz. 

The rarity of duodenal intussusception 
seems best explained on an anatomic basis. 
The duodenum differs from the rest of the 
small bowel in that it has no mesentery. 
The first portion is somewhat mobile, but 
the remaining three portions are fixed by 
the overlying peritoneum to the posterior 
abdominal wall, liver and pancreas. In addi- 
tion, the duodenojejunal flexure is held 
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Fic. 3. December, 1959: one month after Figure 2. 
(4) The diverticulum and the tumor are again 
demonstrated, with the additional complication of 
extensive intussusception. (B) Another view of the 
intussusception enlarged for detail. 


firmly in place by a fibrous and muscular 
band, the ligament of Treitz. 

Roentgen examination is the most valu- 
able method in the diagnosis of benign duo- 
denal tumors, and their differentiation 
from biliary, pancreatic or peptic ulcer dis- 
ease. Typically, benign tumors present as 
well-defined regular filling defects—usually 
circular, sometimes multilocular. A pedicle 
is considered by many to favor benignancy. 
Ulceration may be present, but the mucosal 
pattern is maintained. 

Histologically, the majority of duodenal 
polyps are papillary adenomas. Of the 
polyps which intussuscepted, only four ex- 
ceptions were found—1 fibroadenoma,? 2 
fibromyomas? and 1 myoma.* 

Malignant lesions of the duodenum are 





Pac. 4. Section of malignant portion of the polyp 
sowiag the presence of malignant cells in vascular 


channels (X200). 


irfzequent with an estimated incidence of 


0235 per cent based on a total of 487,695 
autopsies.’ Of these, 60 per cent occur in the 
periampullary region. The clinical picture 
ccrrelates with the morphologic character- 
is-cs cf the lesions. These may be catego- 
rized ss follows: (1) obstructing lesions, 
(2) ulcerating lesions, (3) lesions penetrat- 
img into the pancreas and (4) lesions en- 
croaching upon the ampulla of Vater. Ac- 
ccrdingly, the major symptoms will be (a) 
vemitiag, (b) bleeding, (c) gnawing pain 
uarelieved by food or alkali and (d) ob- 
structive jaundice. Weight loss often pro- 
vE es the strongest clinical suggestion that 
the underlying lesion is malignant. 

Roentgen examination again is the most 
veluable procedure in the diagnosis of 
melignant duodenal tumors. Brenner and 
B-own outlined the important abnormal- 
ites seen in malignant lesions of the duo- 
derum as follows: (1) annular, infiltrating 
or ulcerative defects, (2) effacement and 
thickening of the mucosa, (3) irregular 
pclypo.d defects which narrow the lumen, 
(4) dilatation of the duodenum above a 
constricted area and dilatation of the stom- 
ach with gastric retention, and (5) rigidity 
of the duodenal wall. 

The majority of malignant duodenal 
lemons are adenocarcinomas. The next 
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most common are lymphosarcomas with a 
ratio for the two of approximately ten to 
one. Leiomyosarcomas, carcinoids and 
other tumors are observed ve-v rarely. An 
estimated 45 per cent of small bowel car- 
cinomas occur in the duodenu m, in contra- 
distinction to sarcomas anl carcinoids 
which occur more frequently in other parts 
of the small bowel. Where his-ologic detail 
has been reported, duodena carcinomas 
have been papillomatous in configuration. 
No report of a carcinoma associated with a 
duodenal polyp was found. The question of 
malignant degeneration in polyps comes 
forcibly to mind, but is bevonc the scope of 
this case report. 


SUMMARY 


A case of a fifty-eight yecr old Cauca- 
sian male having a duodenal polyp which 
intussuscepted and which proved to contain 
focal adenocarcinoma is presented. 

2. Duodenal intussuscepticn is briefly 
discussed. 

Benign and malignant lesions of the 
duodenum are compared in regard to inci- 
dence, clinical behavior, roen-gen appear- 
ance and histology. 


Renate L. Soulen, M.D. 

Jefferson Medical College Hospital 
11th and Walnut Streets 
Philadelphia 7, Pennsylvania 
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A ROENTGENOLOGIC REMISSION IN 
ULCERATIVE COLITIS 
By FRANCIS KEELEY, M.D.,* V. K. GOHEL, M.B.B.S., D.M.R.E. (Bombay),t 


and PHILIP J. HODES, M.D.i 
PHILADELPHIA, PENNSYLVANIA 


LCERATIVE colitis is generally con- 

sidered to be a chronic disease charac- 
terized by remissions and exacerbations 
and pursuing a mild course in most, and a 
rapidly progressive, occasionally fatal, 
course in others. Complete clinical remis- 
sions are not unusual, but it is generally not 
appreciated that chronic ulcerative colitis 
may have a complete roentgenologic remis- 
sion. Generally, the changes of far ad- 
vanced ulcerative colitis have been re- 
garded as permanent. Indeed, when short- 
ening of the colon, narrowing of the lumen, 
and stricture formation have occurred, it is 
difficult to understand how the process 
could be reversible. The following report 
illustrates a far advanced case of ulcera- 
tive colitis that had a complete clinical and 
an apparent roentgenologic remission. 


REPORT OF A CASE 


The patient was a nine year old white female 
referred to Jefferson Medical College Hospital 
on January 30, 1948, with a diagnosis of ul- 
cerative colitis. 

Early in 1946, she developed what her 
parents described as "intestinal grippe," which 
consisted of fourteen to twenty watery stools 
per day containing mucus and blood. The 
episode lasted one week and subsided spon- 
taneously. There were two more occurrences of 
diarrhea, which subsided without treatment, 
during the remainder of 1946. In August, 1947, 
frequent loose bowel movements recurred and 
gradually increased in severity. Because of the 
persistence of diarrhea, she was admitted to 
another hospital in December, 1947, and a 
diagnosis of ulcerative colitis was made. When 
she failed to respond to therapy, she was re- 
ferred to Jefferson Medical College Hospital. 

Family history revealed that she was the 


oldest of four sisters. She was described as 
above average in intelligence by her mother, 
was apparently well adjusted, and came from a 
reasonably happy home. 

Physical examination disclosed a thin well- 
developed white female child who was £4 inches 
tall and weighed £4 pounds. The temperature 
orally. The remainder of the 
physical examination was not remarkable. 
Proctosigmoidoscopy revealed a granular, en- 
gorged and extremely friable rectal mucosa, 
and bleeding occurred with slight trauma. The 
findings were felt to be characteristic of chronic 
ulcerative colitis. The laboratory studies were 
within normal limits. Barium enema examina- 
tion (Fig. 14) was performed and was inter- 
preted as being consistent with ulcerative 
colitis. After a slight clinical improvement, the 
patient was discharged on February 6, 1948. 

In April, 1950, the patient was readmitted 
because of frequent bloody bowel movements. 
Since her previous discharge in February, 1948, 
she had had four to six loose stools per day. 
About six weeks before admission, she had 
begun to have six to fifteen watery, frequently 
bloodv, stools per dav. The physical examina- 
tion was not remarkable. Proctosigmoidoscopy 
revealed the perineal skin to be reddened and 
tender, and the mucosa was thickened, friable, 
and showed ulceration. Barium enema exami- 
nation (Fig. 1B) showed progression of the 
ulcerative colitis. The patient was given a 
course of ACTH, followed bv cortisone, and 
marked improvement was noted with the 
stools becoming formed and less frequent. After 
]une, 1950, there was steady clinical improve- 
ment. Two brief exacerbations of diarrhea in 
July, 19:1, and November, 1952, subsided 
spontaneously. Frequent proctoscopic exami- 
nations revealed a gradual but steady decline 
in the mucosal inflammation. In November, 
1952, the colon showed little change roentgeno- 
logically (Fig. 1C), but one year later (Fig. 1D) 
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Frc 1. C4) January, 1948: The colon is narrowed and somewhat shortened, and there is complete loss of 
haustral markings. The edge of the barium column is irregular. (B) Apri/, 79050: Further shortening has 
occurred and a stricture is evident at the hepatic flexure. The ileocecal valve is patent, aad the terminal 
ileum also appears to be involved. (C) November, 1952: Shortening of the colon is still evident but there is 
more Cistensibility. Stricture of the hepatic flexure is still present. (D) October, 7953: The colon has length- 
ened somewhat, and is more distensible. The stricture at the hepatic flexure is still present 
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Vic. 1. (E) November, 1954: Lengthening of the 
colon continues and a suggestion of haustral 
markings is now present. The stricture at the 
hepatic flexure is still evident. (F) September, 
7956: The colon now appears to be normal. It is 

distensible, haustral markings are present, and it is now of normal length. The hepatic flexure is not well 

demonstrated. (G and H/) Postevacuation roentgenogram and close-up study of the mucosal pattern at the 
splenic flexure show a cobble-stone appearance of the mucosa with longitudinal furrowing. The mucosa 


is abnormal. 
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the bewel exhibited definite improvement, 
which continued in 1954 (Fig. 1). She was 
cempkcely asymptomatic in September, 1956, 
anml ne evidemce of activity was noted at 
proctoscopy. Tie roentgenologic appearance of 
the colon (Fig. iF) was normal, but in the 
postevecuation roentgenograms (Fig. 1, G and 
H; the mucosa. pattern was still definitely ab- 
normal Since September, 1956, her family 
poysicran has -eported that she has married, 
has hae an uneventful pregnancy, and has had 
no exacerbations of ulcerative colitis. 


DISCUSSION 


The characteristic roentgenologic changes 
of ulcerative colitis are well known. In the 
early stages, rhe alterations are limited to 
the mucosa. The edges of the barium col- 
wnn eppear serrated, and there is hyper- 
toaicity. Mucosal ulcerations can be dem- 
omstrazed in many cases. Later, loss of 
heustral markings occurs, and eventually 
the cclon shertens and becomes narrow. 
Stricture formation is not uncommon. 
Ultimately, the picture is one of a markedly 
shortened, narrowed, pipestem colon with 
an irregular mucosal pattern that shows 
ulcerazion and pseudopoly poid changes. 

In eur case, the early roentgen studies 
(Fig. 5, A, B and C) showed the typical 
roentgenologie appearance of a well-estab- 
lshed ulcerative colitis. The large bowel is 
raarkedly shortened and narrowed and 
nere B stricture formation near the hepatic 
flexure. In addition, the colon is not disten- 
sible, and the mucosa shows the typical 
changes of the disease. In later roentgeno- 
grams (Fig. 1, D and Æ) there is gradual 
improvement in the appearance of the large 
bowel, and the narrowing and shortening 
are less marked. In the last series of roent- 
genograms the barium filled colon appears 
morma! (Fig. 17), but in the postevacuation 
stadv (Fig. 1, C and 77) there is distortion 
and beading of the mucosal pattern with 
leagitedinal furrowing, showing it to be 
scil definitely abnormal. Thus, in our case, 
when the barum filled colon alone is used 
asa criterion, there appears to be complete 
roenteenologic remission of ulcerative coli- 
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tis. But, if the appearance of the mucosal 
pattern as seen on the postevacuation 
roentgenogram is emploved to judge remis- 
sion, the unmistakable traces of the disease 
remain. 

Shanks and Kerley” state that in ulcera- 
tive colitis, "restitutio ad integrum" takes 
place only if cure is obtained early in the 
disease, and Feldman? describes the changes 
as "permanent." Others? use terms 
such as "stenosed," “cicatricial,” "fibro- 
sis," and "scarring" to implv that the far 
advanced changes in ulcerative colitis are 
not reversible. However, it was pointed out 
by Bockus e£ a/.! that occasionally a colon 
which is markedly stenosed due to ad- 
vanced ulcerative colitis can be distended 
by barium enema during a clinical remis- 
sion, and he illustrated his point by citing a 
case that showed apparent roentgeno- 
graphic improvement during a remission. 

During the past twenty years, occa- 
sional cases have been reported that showed 
improvement in the roentgenclogic appear- 
ance of the colon, and, in some cases, the 
diseased colon apparently has become 
normal. Ricketts, Kirsner, and Palmer? 
reported complete roentgenologic recovery 
in 5 cases of ulcerative colitis, but the 
appearance of the mucosal pattern is not 
mentioned. Kirsner, Palmer, and Klotz 
cited 4 cases of complete roentgenologic 
remission. In 1 case, the mucosal pattern is 
mentioned as abnormal during an exacerba- 
tion, but the reversibilitv of the mucosal 
abnormality later is only implied, and not 
definitely stated. 

In reviewing the literature in all cases so 
far reported, the reversion to normal has 
been demonstrated only by the barium 
filled colon, and the mucosal pattern as seen 
in the postevacuation roentgenogram has 
not been shown. Since the mucosa is the 
primary site of involvement in ulcerative 
colitis, it would seem logical that the muco- 
sal pattern should be demonstrated to be 
normal when attempting to establish a 
complete roentgenologic remission in ulcer- 
ative colitis. 
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PNEUMATOSIS OF THE INTESTINES 


By A. 


DRUCKMANN, M.D.,* A. SCHWARTZ, M.D.,* N. RABINOVICI, M.D.,1 


and M. FEUCHTWANGER, M.D.* 


JERUSALEM, ISRAEL 


INE JMATOSIS or gas cysts of the in- 

test ne (pneumatosis intestinalis cys- 
tciles) is a descriptive name denoting an 
abaonaal collection of gas in the walls of 
the gastrointestinal tract. Numerous case 
reports and reviews of this condition have 
apoeared in the literature since its first de- 
saiption by Du Vernoi in 1738. 

?nevmatosis of the intestine is not a dis- 
eise entity. It is a symptom complex ac- 
compa iying abdominal diseases of different 
etiology and occurring in every age group of 
pa-ien-s (from three days to seventy years 
ot age). 

Our purpose is to report upon that group 
or pneamatosis seen in adult patients who 
sl ew marked weight loss, malnutrition, or 
eren emaciation, and to present the results 
or treatment. As pneumatosis is of rather 
riwe cecurrence, there are uncertainties 
about :ts etiologv, course and treatment. 
The observations made on our patients may 
tl row some light on its etiology and may 
incicate the treatment of choice. 


REPORT OF CASES 


Case 1. J.J., a thirty-three year old male, 
ws admitted as an emergency patient with the 
pecvisienal diagnosis of perforated peptic ulcer. 
T diagnosis was based upon a past history 
of duocenal ulcer and the presence of a marked 
h7dropaeumoperitoneum on fluoroscopy. 

For -even days prior to admission he had 
vemited after every meal and had noted pain- 
less incseasing abdominal distention and splash- 
ing soa ads emanating from his abdomen. Dur- 
ing the last six months the patient had lost 6 
kg. in veight. 

Physcal examination showed a markedly 
usderneurished, dehydrated, but comfortable, 
petient His height was 175 cm. and weight 
52.5 ke. The abdomen was extremely dis- 
terxled, but soft. Shifting dullness was present. 
Te res of the physical examination was nega- 





Vic. 1. Case 1. Scout roentgenogram of the abdomen 
using horizontal rays in the supine position shows 
the extensive hydropneumoperitomeum. 


tive. Urinalysis and blood cel count were 
within normal limits. 

Scout roentgenograms of the abdomen with 
horizontal rays (Fig. 1 and 3.4. revealed ex- 
tensive hydropneumoperitoneum, | multiple 
cysts under the right diaphragm, interposition 
of intestinal loops between liver and diaphragm 
and absence of the liver shadow. On the scout 
roentgenogram using vertical rzys in the su- 
pine position (Fig. 2), the liver shadow ap- 
peared in its normal position and the cysts 
were visible over the entire abdomen. 

Because of the absence of clinical signs of an 
acute abdomen, a diagnosis of pyloric stenosis 
associated with pneumatosis irtestinalis cy- 
stoides was made. Rehydration, gastric suction 
and parenteral alimentation were commenced. 

In order to relieve the abdomiaal distention, 
1,500 cc. of fluid was removed by abdominal 
tapping on the day of admissicn. This fluid, 
which was yellow colored, was sterile on bac- 
teriologic examination. Guinea rig inoculation 
was negative for tubercle bacilli. After ade- 
quate rehydration the patient was fed on a 
concentrated high caloric soft d et. 

Serum electrolytes and liver function tests 
were normal. Barium studies of the gastro- 
intestinal tract showed a marked pyloric 
stenosis. The colon was normal; however, the 
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Fic. 2. Case 1. Scout roentgenogram using vertical 
rays in the supine position shows multiple cysts 
scattered throughout the abdomen. 


small intestine was noted to be interposed be- 
tween the liver and diaphragm. Repeated 
Scout roentgenograms gradually 
diminishing pneumoperitoneum, | disappear- 
ance of free fluid in the peritoneal cavity and 
some reduction in the number of cysts (Fig. 3, 


A, B and C). 


showed a 


The patient was prepared for surgery by re- 
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peated blood transfusions, amigen, glucose and 
electrolyte infusions. Operation was carried 
out on the twenty-third day of hospitalization. 
The day before operation a small pneumo- 
peritoneum and numerous still 
visualized on roentgenograms. 


cysts were 

Before opening the peritoneal cavity, peri- 
toneal air was obtained for gas analysis through 
a cannula by means of a vacuum appzratus. 
The stomach was found to be dilated and have 
thickened walls, and an almost complete 
pyloric obstruction due to a chronic duodenal 
ulcer was seen. Five thousand cubic centimeters 
of yellowish ascitic fluid were removec from 
the peritoneal cavity. 

A segment of the distal ileum, about &o cm. 
long, was covered by numerous gas cysts, I-3 
cm. in diameter, arranged in clusters on the 
mesenteric and the antimesenteric borders of 
the bowel. They were round, of elastic consis- 
tency, and translucent. Some of them adhered 
to each other and to the intestinal wall. Others 
were single, attached to the free end of a thin 
avascular pedicle, often bluish in color, and con- 
tained small amounts of fluid (Fig. 4). Seg- 
ments of normal bowel were observed between 
the masses of gas cysts, as well as fine white 
scars and coarse adhesions between the loops. 
The mesentery was edematous, and signs of 
mild inflammatory reaction along the affected 
segments were noted. The mesenteric |y mph 
nodes were enlarged. The gas in the cysts 
could not be pressed from one cyst into another 
or into the intestinal lumen. On pressure 
the cvsts burst. There was no other intra- 


Fic. 3. Case 1. Scout roentgenograms in eect 
position taken on the fifth (4), eighth (B) 
and eighteenth (C) day of hospitalization. 
Note the diminishing pneumoperitone.im. 
The cysts are clearly visible under the right 
diaphragm in 4 and B. The liver shadow is 
displaced inferiorly and medially. In C the 
cysts have shifted theirlocation and are ur der 
the left diaphragm and are less numerous. 


Vor. 86, No. 5 
abdominal pathology. One large gas cyst was 
excised tact so that a gas analysis could be 
obtained. A transmesocolic gastrojejunostomy 
and a bilateral vagectomy were performed. 
The analysis of the gas obtained from the 
pertoneal cavity and from the resected cyst 
showed 79 volume per cent nitrogen, 19 volume 
per cent oxygen and about 1 volume per cent 
CO. 

The postoperative course was uneventful. A 
scoat roentgenogram of the abdomen taken on 
the eighth postoperative day showed complete 
diseppearance of the cysts (Fig. 5). 

Cn the twelfth postoperative day the pa- 
tient was discharged. He gained Io kg. in 
weizht during the first seven postoperative 
wecks and 22 kg. in the six months following 
his opezation. Roentgenologic re-examination 
six, twelve, eighteen, twenty-four and forty 
moaths after surgery did not disclose any 
cyszs or pneumoperitoneum. 

The patient is at present in excellent health. 


Comment. This patient was in an ex- 
tremely poor nutritional state due to severe 
pyloric obstruction. He presented the 
typical roentgen findings of pneumatosis 
intestimalis cystoides with marked ascites 
of the reactive exudative type. The pro- 
nounced hydropneumoperitoneum was in 
sharp contrast to the mild clinical picture. 
No urgent surgery was done. On conserva- 
tive treatment the pneumoperitoneum re- 
ceced gradually and the cysts became less 
numerous. Eight days after the gastro- 





Fic. 4. Case 1. Appearance of a cyst-bearing loop at 
aeration. Note the long pedicles of the cysts. 
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5. Case 1. Scout roentgenogram on the eighth 


postoperative day. No cysts are visible. 


jejunostomy and vagectomy, all the cysts 
and the pneumoperitoneum disappeared 
and did not recur during a three year 
follow-up. To our knowledge this is the 
shortest reported interval for the post- 
operative disappearance of gas cysts. 

Case rr. J.M., a seventy year old male, was 
admitted as an emergency patient because of 
abdominal pain, intractable vomiting, a dis- 
tended abdomen and severe dehrdration. The 
past history revealed a  roen-genologically 
proved duodenal ulcer of twenty years’ dura- 
tion. 

On physical examination the patient was ex- 
tremely dehydrated and emaciated. His weight 
was 46 kg. and height 174 cm. Definite signs of 
avitaminosis were present in the angles of the 
mouth, buccal mucosa and on the skin of the 
forearms and the hands. Pitting edema of the 
lower extremities was present. 

Scout roentgenograms of the abdomen (Fig. 
6) showed pneumoperitoneum and the other 
characteristic findings of pneumatosis intes- 
tinalis cystoides. A diagnosis cf pyloric ob- 
struction, pneumatosis intestinalis cystoides 
and severe malnutrition was mzde. Rehydra- 
tion, gastric suction and parenteral alimenta- 
tion were started. 
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Fic. 6. Case 11. Roentgenogram in the erect position 
shows an appearance similar to that seen in Case 


1 (Fig 34). 


Laboratory examinations including urinal- 
ysis, blood cell count, liver function tests and 
serum electrolytes were within normal limits. 


Roentgen examination on the fourth day of 


admission showed severe pyloric obstruction 
and rounded small filling defects in the lumen 
of the small intestine. Loops of small intestine 
were interposed between the liver and the 
diaphragm. These loops did not change their 





7. Case u. Laminagram of right upper abdo- 
men. Note the large cyst below the diaphragm 
laterally and the adherence of cysts and intestine 
to diaphragm. 


Fic. 


Itc. 8. Case 11. Appearance of the cyst-bearing, 


doubly-rotated loop at laparotomy. 


location with change of the patient's position. 
The transit of barium in the small intestine 
was markedly slow. A barium enema study was 
normal. Laminagraphy of the right upper ab- 
domen (Fig. 7) showed adhesions between the 
walls of the intestine and the diaphragm. 
Preparations for surgery included blood 
transfusions, amigen and electrolyte infusions 
and high doses of vitamins. The patient was 
operated on seven days after admission. 
Laparotomy revealed a distended, thick- 
walled stomach and almost complete pyloric 
obstruction due to a duodenal ulcer. The distal 
part of the jejunum, with numerous large gas 
cysts attached, was interposed between the 
liver and the right diaphragm. There were 
numerous adhesions between the loops and the 
right diaphragm. This segment was doubly 
rotated on the axis of its mesentery (Fig. 8), the 
bowel wall congested, the mesenteric 
vessels engorged, but no thrombotic process 
was evident. The segment of bowel proved to 
be viable after relieving the torsion. Another 
segment of small bowel, 130 cm. in length and 
extending to within 20 cm. of the ileocecal 
valve, was covered by multiple subserosal 
cysts varying in size from 1 to § cm. in diame- 
ter. They were thin-walled, translucent and 
round, and appeared on the mesenteric and 
antimesenteric borders of the bowel. They 
were either packed closely together and at- 
tached to each other and to the intestinal wall 
by a broad base, or they were single on the free 
end of an avascular pedicle. Short segments of 
normal small bowel were scattered between 
the masses of gas cysts. Signs of subacute and 
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chonic inflammation, with fine multiple ad- 
hesons and delicate white scar formations, 
were present between the wall of the intestines 
arc the mesentery. 

A -ransmesocolic gastrojejunostomy was 
performed and a large cyst was excised for gas 
ar ¿lysis The adhesions between the small in- 
tes-inalloops and right diaphragm were divided 

The postoperative course was uneventful. 
Tre signs of avitaminosis disappeared grad- 
uzly. The patient gained 6 kg. in five weeks, 
are mt of the gas cysts disappeared in that 
period is indicated by repeated flat roentgeno- 
grams ef the abdomen. Six months postopera- 
tively ao cysts were visible roentgenograph- 
icily. The result of the gas analysis of the 
cyst wes the same as in Case r. 

The »atient was discharged thirty-eight days 
pe: toperatively and followed-up for two years. 

Repeat roentgenologic examinations re- 
vecled 30 evidence of the cysts. 


Comment. This patient was emaciated 
dæ tc long standing pyloric obstruction. 
The preoperative diagnosis was pyloric 
stenoss associated with pneumatosis in- 
testinalis cystoides. No urgent surgery was 
uxlertiken. Elective gastrojejunostomy 
wats performed after adequate preparation. 
The patient made an excellent recovery 
aad the cysts gradually disappeared, the 
last of them six months after operation. 
Today, two years postoperatively, his gen- 
eral ccndition is satisfactory. 


Case m. F.S., a fifty-four year old male, was 
acmitred as an emergency patient because of 
sewere vomiting and vague abdominal pains. 
HE had been vomiting after meals during the 
tee months prior to admission. The past 
hp-ory revealed a duodenal ulcer (proved by 
rcentgen examination) of sixteen years’ dura- 
tiea, two episodes of hematemeses (six years 
arc four years prior to admission), 8 kg. loss of 
weight and fainting spells during the last three 
moths. 

On admission the patient appeared markedly 
ur cerncurished and dehydrated. His skin was 
at-phi- and scaly. The abdomen was some- 
waat dstended but no signs of peritoneal ir- 
ritztion were detectable. 

Scout roentgenograms of the abdomen in 
erect position showed a moderate pneumo- 
par toneum. An unusual finding was a 2-5 mm. 
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wide strip of air shadow outlining the stomach. 
This air strip was present on both the lesser 
and greater curvature as well as in the anterior 
wall of the stomach. Additional roentgenograms 
showed the air strip unchanged in its relation 
to the cavity of the stomach and its wall (Fig. 
9, 4, B and C), thus proving that it was 
trapped between the layers of the gastric wall. 
The stomach was markedly dilated and con- 
tained a large quantity of fluid. 

The diagnosis of pyloric stenosis with gastric 
pneumatosis was made. No urgent surgery was 
deemed necessary. The patient was accordingly 
admitted for elective surgery after preparation 
by conservative treatment. 

Urinalysis, blood cell count and liver func- 
tion tests were all normal. The blood urea 
nitrogen was elevated due to extrarenal uremia 
explained by marked dehydration. There was 
severe electrolyte imbalance—hypopotassemia, 
hyponatremia, hypochloremia and metabolic 
alkalosis. This electrolyte imblance was com- 
pletely corrected by the seventh day after ad- 
mission by repeated blood transfusions and 
parenteral electrolytes. On the eighth day of 
hospitalization no free air was seen in the 
peritoneal cavity and only small bubbles of 
air could be detected in the stomach wall. 

At laparotomy on the twelfth day after ad- 
mission the stomach was found to be greatly 
dilated with thickened walls. Crepitation was 
felt on palpation of the stomach wall. Tight 
pyloric obstruction was present. No perfora- 
tion was seen. No cysts were found on the small 
or large intestines, neither were cysts seen on 
the peritoneal surface of the stomach. Gastro- 
jejunostomy with vagectomy and a feeding 
jejunostomy were performed. 

The postoperative course was uneventful. 
The temporary feeding jejunostomy tube was 
withdrawn on the seventh postoperative day 
and the patient was discharged on the twelfth 
postoperative day, having gained about 4 kg. 
during his hospitalization of twenty-four days. 
At re-examination one year after surgery, the 
patient was in excellent condition. There was 
no air visible in the stomach wall. 


Comment. This patient was admitted in 
a markedly undernourished condition due 
to prolonged vomiting caused by pyloric 
stenosis. The roentgen examination re- 
vealed the unique appearance of “gastric 
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pneumatosis” in addition to a pneumo- 
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Fic. 9. Case rir. Erect anteroposterior (4), 
left lateral (B) and right decubitus (C) 
roentgenograms show the air strip out- 
lining the markedly dilated stomach. 
Note the small pneumoperitoneum in B. 
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pe tonecum. No other signs of pneuma- 
toss o the intestines were seen. After 
elective gastroenterostomy and vagectomy 
th> pat ent recovered completely. 

To oer knowledge this is the first case in 
whlch tais type of gastric pneumatosis has 
besa roentgenologically demonstrated. 


ase Iv. U.A., a forty-four year old male, 
w= adn itted as an emergency patient because 
of severe vomiting and vague abdominal pains. 
His past history revealed that during the pre- 
vices nme years he had had five episodes of 
sudden marked abdominal distention with 
voriting and constipation. These episodes oc- 
cued at intervals of about one to two years 
an ft always after extreme physical and mental 
str n. On each occasion a pneumoperitoneum 
wae-diagnosed chinically and roentgenologically. 
Seven rears previously, during his second 
ep=ode, laparotomy was done (in Romania) 
bu- nothing abnormal was found. The pneumo- 
pe:roneam subsided on each occasion upon 
ret and nutritional improvement about six to 
seven weeks after its appearance. 

The present episode of sudden abdominal 
dis=ntion occurred fourteen days after his 
arm al ia this country from Romania. He had 
had quise a lot of trouble connected with his 
emizarion, his arrival and with settling down 
anew. 

Ca acmission his abdomen was extremely 
disended, but no signs of an acute inflamma- 
tory or ebstructive abdominal condition could 
be detected. His nutritional condition 
rater poor. The rest of the physical examina- 
tlo* was noncontributory. 

Roentzen examination revealed a marked 
pneamoperitoneum with the presence of a deli- 
cate, cu-ved linear shadow below the right 
diaphragm, resembling the wall of a gas cyst. 

A diagnosis of recurrent pneumoperitoneum, 
prckaby due to pneumatosis intestinalis 
cystaide:, was made. Urgent surgery was not 
inccatec. The patient responded well to con- 
serzitive treatment and was discharged for 
folEw-up in the outpatient department. A 
barizm raeal study showed a normal esophagus, 
storach, duodenum and small intestine. No 
ste ritic lesion was seen in any part of the 
gas ointestinal rract. The pneumoperitoneum 
disaspeaced three weeks after admission. 

Followup examination one year after dis- 
cherze saowed a well-nourished man with no 
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complaints. Flat roentgenograms of the ab- 
domen showed a rather unusual quantity of air 
in the stomach and small intestine without 
fluid levels. No pneumoperitoneum was seen. 


Comment. This undernourished patient 
under emotional stress due to his recent ar- 
rival in the country was admitted with a 
marked pneumoperitoneum. No signs or 
symptoms of peritoneal inflammation were 
present and, therefore, the abdomen was 
not explored. No ulcerative and/or steno- 
tic lesion was found on subsequent roent- 
genologic examination of the gastrointes- 
tinal tract. The pneumoperitoneum dis- 
appeared three weeks after admission upon 
improvement of his phvsical condition. 

Re-examination a year later showed a 
well-nourished happy man. 


DISCUSSION 


The 4 above-described cases have many 
common features, but show some different 
findings as well. 

The most evident common findings in 
all cases were pneumoperitoneum, malnu- 
trition and vomiting, on one hand, and ab- 
sence of signs of an acute abdomen, on the 
other. The pneumoperitoneum disappeared 
gradually on conservative treatment in all 
patients. [n our opinion the disappearance 
of the pneumoperitoneum was due to the 
improved nutritional state. 

The severe malnutrition in the first 3 
cases is well explained by the long-standing 
marked pyloric obstruction. Ir the fourth 
patient the malnutrition was probably due 
to his emotional stress and physical strain. 
Reports dealing with pneumarosis intesti- 
nalis cvstoides in association with a stenotic 
lesion of the gastrointestinal tract nearly 
always mention that the patients were 
in a poor nutritional state.!2:5.9.11,13,14,16,17,18 
In a previous report from this hospital, a 
case of pneumatosis intestinal s cvstoides 
with severe malnutrition was cescribed.*''? 
We believe, therefore, that pneumatosis in- 
testinalis cystoides of the descr bed type is 
most probably due to malnutrit on. 

As we were reasonably certain that im- 
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mediate surgical intervention was not in- 
dicated, it was decided to prepare the pa- 
tients for elective surgery by treatment 
aimed primarily at improving their nutri- 
tional state. All cases responded well to this 
treatment; the pneumoperitoneum di- 
minished markedly or disappeared, the 
number of cvsts became smaller and the 
gas in the stomach wall nearly disappeared. 
The complete disappearance of the cysts 
after gastroenterostomy also supports our 
opinion. Gastroenterostomy, by allowing 


normal food intake, removes the cause of 


malnutrition which, in turn, results in the 
disappearance of the cysts. After functional 
correction of pyloric obstruction, this has 
been observed by other authors as 
well ,1:2:4:5.7-10,17 

Follow-up examinations of the 3 oper- 
ated cases showed that the patients re- 
mained 1n good nutritional state and 
neither the pneumoperitoneum nor the 
cysts recurred during a period ranging from 
one to three years. We have had under ob- 
servation for four vears another patient, 
severely malnourished, with pyloric ob- 
struction and pneumatosis intestinalis cys- 
toides who refused surgery.’ The typical 
findings of pneumatosis intestinalis cvs- 
toides were present on repeat examinations, 
proving that this process persists as long as 
malnutrition is not corrected. 

The rewarding results of the treatment 
given to our patients show that preopera- 
tive conservative therapy is indicated and 
that elective surgery should consist of re- 
lieving the obstruction. The cyst-bearing 
loops may be left alone. In Case 11, vol- 
vulus of the cyst-bearing small intestinal 
loops and adhesions between these loops 
and the diaphragm were present. Though 
the involved loops were edematous and 
covered bv numerous large cysts, no resec- 
tion was carried out. The presence of even 
very numerous and/or large cysts is not an 
indication for resection. 

'The diagnosis of pneumatosis intestinalis 
cystoides should be made without diffi- 
culty by roentgenologic examination in 
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typical cases. The clinician, however, can 
suspect the diagnosis when a pneumoperi- 
toneum is detected in a malnourished pa- 
tient, who is not acutely ill. In addition, 
the history of a long-standing duodenal 
ulcer makes the diagnosis probable. Flat 
roentgenograms of the abdomen in erect 
and supine positions show the pneumo- 
peritoneum, the interposition of the small 
intestine between the liver and the dia- 
phragm and the delicate ring shadows rep- 
resenting the cysts in the typical cases. In 
Case 111, the roentgenographic finding of 
air in the gastric wall, without the usual ap- 
pearance of cysts, was surprising. The 
pneumoperitoneum and the known long- 
standing pyloric obstruction suggested the 
diagnosis of pneumatosis intestinalis cvs- 
toides. We believe, therefore, that the gas 
in the gastric wall is equivalent to cvsts on 
the intestines seen in other cases. To our 
knowledge this is the first case in which 
pneumatosis of the stomach presented it- 
self in the form of a continuous intramural 
layer of air without cyst formation. Iso- 
lated cases of cysts on the stomach with 
pneumatosis of the small intestine, how- 
ever, have been described.?* 

Case 1v had only two signs in common 
with the first 3— pneumoperitoneum and 
malnutrition. Such isolated cases have been 
reported as idiopathic pneumoperitoneum. 
'The pneumoperitoneum in this patient dis- 
appeared spontaneously upon rest and im- 
provement of his nutritional state, and re- 
appeared again with malnutrition. We be- 
lieve, therefore, that this case has some re- 
lationship to pneumatosis intestinalis cys- 
toides.® 

As stressed above, this paper deals with 
pneumatosis of the benign type seen in 
adults only. We believe that this type of 
pneumatosis is due to malnutrition. This 
conception is supported by the following 
facts: (1) pneumatosis of this type is 
always associated with malnutrition; (2) it 
disappears shortly after correction of the 
deficient nutritional state; and (3) it per- 
severes with persistent malnutrition. 


Vex. 856, 


SUMMARY 


Two typical, one atypical and one 
prebatde case of pneumatosis intestinalis 






cv«toides are described. All are associated 
woh malnutrition. 
+. After correcting the malnutrition by 


coaservative and surgical treatment, the 
paeurnatosis disappeared. 

3. Tne cvst-bearing parts of the gastro- 
irtestinal tract do not require resection 
even ia cases with extensive pneumatosis 
because the cysts disappear spontaneously. 

4. Im one case the cysts completely dis- 
aooeasred eight days after surgery ——the 
slortest time so far observed. 

3. X hitherto unreported type of intra- 
meral gastric pneumatosis without cyst 
fc maton is described. 

5. The so-called idiopathic pneumoperi- 
tcaeum has probably some relationship to 
p unatosis intestinalis cystoides. 

7. We believe that malnutrition is the 
wain etiologic factor of this type of pneu- 
ir ztosis intestinalis cvstoides. 





A Druc&mann, M.D. 
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GAS IN THE PORTAL VENOUS SYSTEM* 


By JEROME F. WIOT, M.D. 


, 


and BENJAMIN FELSON, M.D. 


CINCINNATI, OHIO 


Tq E. presence of gas in the intrahepatic 
branches of the portal vein during life 
is a little known and seldom recognized 
condition of grave prognostic significance. 
It is readily detectable roentgenologically, 
the intravascular gas producing a branch- 
ing linear pattern. As will be shown, this 
pattern can be distinguished from that of 
gas in the biliary tract. 

On reviewing the literature between 1922 
and 1960, we were able to find onlv two 
articles dealing with this subject. The first 
of these, by Wolfe and Evans? in 1955, re- 
ported the condition in 6 infants, ranging 
in age from fifteen days to six months, who 
were suffering from a variety of diseases. 
The second, by Susman and Senturia* in 
1960, included an additional patient, an 
adult with mesenteric infarction, in whom 
the gas was detectable roentgenographically 
and confirmed at operation. 

We have encountered 4 patients with gas 
in the portal system at the Cincinnati Gen- 
eral and Children's Hospitals during the 
past three vears. In 5, the classic roentgen 
features were evident. In the fourth, roent- 
genograms were not available, the gas being 
found at autopsy. In one of the cases (Case 
1), the nature of the gas and its pathogenesis 
have been established with reasonable cer- 
tainty. 


REPORT OF CASES 


Case 1. W.W., a sixty-three year old white 
man, entered the Cincinnati General Hospital 
on July 21, 1960, with a six hour history of 
severe abdominal pain, distention, and diar- 
rhea. He had been on peptic ulcer management 
because of a prior history of postprandial pain 
and two episodes of tarry stools, the last of 
which had occurred six months earlier. 

Physical examination revealed a temperature 
of 96.5° F. and a pulse of 130. Positive findings 
were limited to the abdomen, which was dis- 





Case 1. Detail view of the liver area on ad- 
showing a few 


Fic. 1. 
mission 


branching linear 
shadows (arrow) near the periphery of the right 


lobe. 


gas 


tended and tympanitic. Following gastric as- 
piration of three liters of thick foul brown fluid 
and air, the distention subsided and the ab- 
domen became soft and nontender. On rectal 
examination a large amount of bright red 
waterv stool was noted. Sigmoidoscopy was 
normal. 

Laboratory studies revealed a hemoglobin of 
12 gm. and a white blood cell count of 12,300 
per cu. mm., with 80 per cent neutrophils. The 
blood urea nitrogen, CO, combining power, 
and serum amylase were normal. The blood 
chloride was slightly decreased, and the blood 
sugar was 253 mg. per cent. The clotting time 
was slightly prolonged but the bleeding and 
prothrombin times and platelet count were 
normal. 

Recumbent and upright roentgenograms of 
the abdomen showed marked distention of the 
stomach and moderate distention of the small 
bowel with multiple gas-fluid levels. Within the 
confines of the liver shadow were several small 
branching linear gas shadows (Fig. 1). It was 
felt that they represented gas in the portal 
system, probably secondary to necrosis of the 


* From the Department of Radiology, University of Cincinnati College of Medicine, Cincinnati, Ohio. 
Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atiantic City, New Jersey, September 27-30, 


1900. 


920 


View. 8^5, No. 4 


bewel. Roentgenograms made the following 
dzr no longer showed these branching shadows. 
Barium enema examination was normal. 
Exploratory laparotomy was performed two 
days after admission. Marked distention of the 
small »owel hampered the procedure. One 
member of the surgical team thought that a 
° volvulus of the small bowel was present, 
bac another disagreed. A ten inch segment of 
partly zangrenous ileum, lying about four feet 
prexim al to the ileocecal valve, was resected. 
Posteperatively, the patient improved con- 
sibrab y. Although the diarrhea persisted, it 
was no longer bloody. Five days after the 
operation the patient suddenly went into shock 
amd complained of severe abdominal pain. 
Prtabie roentgenograms of the abdomen re- 
vecled free intraperitoneal air, small bowel dis- 
ter tion, and two segments of edematous bowel 
ir che right lower quadrant. No gas was visible 
ir the aepatic vessels. Stool guaiac test was 4 
pus. Flood culture revealed abundant Aero- 
bc eer aerogenes. The patient remained in shock, 
became markedly oliguric and acidotic, and 
dx tbe following day. The body was taken 
immediately to the radiology department where 
am abdominal roentgenogram obtained 
(Fx. 2, Æ and B). This revealed extensive gas 
ir the portal veins and in several mesenteric 
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veins. In addition, there was coasiderable gas 
in the extraperitoneal space adjacent to the 
bladder, in the wall of several segments of in- 
testine, and in the abdominal wall. 

At autopsy marked crepitation of the ab- 
dominal and thoracic parietes, neck, and scalp 
was noted. Free peritoneal gas was found. Gas 
was visible in the mesenteric, portal, hepatic, 
and jugular veins, in vessels at rae base of the 
brain, in the right atrium, and in che abdominal 
wall, extraperitoneal space, serosa of the 
bowel, and mesentery. Before dissection was 
carried out, gas was withdrawn from the 
portal and jugular veins and the right atrium 
by à vacuum syringe. It was felt that some 
contamination of the syringes with room air 
probably occurred. 

The peritoneal cavity contained 2,500 cc. of 
cloudy light brown fluid. The mesenteric vessels 
were normally patent. Enteric contents leaked 
from the site of anastomosis. The intestines, 
especially the distal colon, showed intense con- 


gestion, hemorrhage, and areas o7 necrosis. The 
stomach showed similar findings and, in addi- 
tion, a large chronic active prepyloric ulcer 
which had penetrated into the pancreas. The 
gallbladder and bile ducts were normal. All 
vessels leading to and from tae liver were 
ligated prior to its removal. À roentgenogram 


2. Case 1. (4) Postmortem roentgenogram of the 


abdomen revealing gas in the portal and mesenteric 





veins (arrows). Gas is also present in the extraperi- 
toneal space in the region of the bladder and in the wall 





¥ several segments of intestine in the left lower quadrant. (B) Enlargement of upper portion of 4. A 
arge mesenteric vein (lower arrow), the portal vein (middle arrow), and its intrahepatic beanches (upper 


arrow, are seen. 
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of this organ revealed considerable intravascu- 
lar gas (Fig. 3/7), some of which was withdrawn 
with an oiled needle and syringe. Barium was 
then injected into the main portal and hepatic 
veins, and a roentgenogram showed that most 
of the gas lay in the portal branches with a 
small amount in a large hepatic vein (Fig. 32). 

Microscopic sections of the colon, small 
bowel, and stomach showed hemorrhage, con- 
gestion, and necrosis. A large number of bac- 
teria was visible in the sections. Several large 
spaces were seen in the submucosa of the stom- 
ach. Clusters of bacteria were present in the 
wall of the aorta and in small arteries and 
lymphatics in some of the viscera. 

Cultures of the blood, lung, bowel, liver, and 
peritoneal fluid showed an abundant growth of 
Aerobacter aerogenes, interspersed with a few 
colonies of Staphylococcus aureus and Strepto- 
cocus alpha-hemolyticus. Vhe gas analyses 
yielded 24 per cent CO; in the gaseous phase in 
the liver, 28 per cent in the portal vein, 38 per 
cent in the jugular vein, and 35 per cent in the 
right atrium. The final pathologic diagnosis was 
acute hemorrhagic necrotizing gastroentero- 
colitis?? and Aerobacter aerogenes septicemia. 


Comment. A sixty-three year old man 
entered the hospital with acute abdominal 
symptoms and bloody diarrhea. Abdominal 
roentgenograms showed gas in the hepatic 
vessels and distention of the stomach and 
small bowel. Exploratory laparotomy re- 


. 3. Case 1. (4) Roentgenogram of the liver removed after ligation of vessels at autopsy. Gas is seen 
within the portal veins and in at least one large hepatic vein (arrow). (B) Roentgenogram of the liver fol- 
lowing the injection of barium into the portal system demonstrating the location of the gas. A later in- 
jection of the hepatic veins confirmed the location of the gas near the dome of the liver. 


vealed a necrotic segment of small bowel. 
Five days postoperatively he went into 
shock and died. A postmortem roentgeno- 
gram of the abdomen revealed extensive 
intravascular and interstitial gas. At au- 
topsy, gas was present in the mesenteric, 
portal, and jugular veins and in the heart. 
The bowel showed acute hemorrhagic 
necrotizing gastroenterocolitis. Both ante- 
mortem and postmortem blood cultures 
grew Aerobacter aerogenes. Analysis of the 
gas revealed a high content of carbon di- 
oxide. 


Case u. R.A., a thirty-five year old Negro 
male, was admitted to the Cincinnati General 
Hospital on June 21, 1958, comatose and in 
shock. He was a known diabetic and had taken 
his insulin the day prior to admission. While 
driving from Alabama with several compan- 
ions, he became ‘‘car-sick”’ and ingested nothing 
but ice water and orange juice for twenty-four 
hours. On the following morning he could 
not be awakened and was brought to the hos- 
pital. 

The temperature and pulse were normal but 
the respirations were 28 per minute. The blood 
pressure could not be obtained. Physical ex- 
amination revealed anisocoria, absence of 
corneal reflexes, hypoactive tendon reflexes, 
and marked abdominal distention without 
audible bowel sounds. 
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The blood urea nitrogen was 84 mg. per cent 
and the sugar 854 mg. per cent. The CO», blood 
chlorides, and pH were extremely low. There 
was 4 plas glycosuria with moderate acetonuria. 
'The stool guaiac test was negative. 

Recumbent and decubitus roentgenograms of 
the abdomen (Fig. 4, 4 and B) revealed gaseous 
distention, severe in the small bowel and mod- 
erate in the ascending colon, with an occasional 
fluid level. Many slender, branching, linear gas 
densities were visible within the right side of 
the liver, increasing somewhat in caliber as they 
converged toward the hilus, but not reaching 
the size of a major vessel or duct. There was no 
gas in -he gallbladder or extrahepatic biliary 
ducts. At first an internal biliary fistula was 
suspected, but subsequently a diagnosis of 
portal vein gas was made. 

Despite supportive measures, including vig- 
orous treatment of the diabetic acidosis, the 
patient expired eight hours after admission. 

Autoosy was performed forty-eight hours 
post mortem, so a blood culture was not ob- 
tained. The small bowel was quite distended 
and its mucosa showed marked congestion but 
no evidence of ulceration or necrosis. No men- 
tion wzs made of intramural or intravascular 
gas, the prosector having had no knowledge of 
the roentgen findings. The stomach, colon, gall- 
bladder, and biliary ducts showed no ab- 
normalty. The mesenteric vessels appeared 
normal The liver was grossly normal and 
microscopically showed only mild congestion. 
With -he exception of marked pulmonary 
edema, no other significant abnormalities were 
noted. The cause of death was listed as diabetic 
acidosis. 


Comment. A diabetic entered the hospital 
in shock and acidosis and died eight hours 
later. Roentgenograms revealed intravas- 
cular zas in the liver and severe nonob- 
structive ileus. At autopsy the small bowel 
showed marked distention and mucosal 
congestion. 


Case rit. J.A., a Negro female aged fifty-two, 
a diabetic of at least eleven years’ duration, 
was acmitted to the Cincinnati General Hos- 
pital on December 5, 1957, with a four day his- 
tery o“ lower abdominal pain, diarrhea, and 
vomiting. She had eaten very little during the 
current illness but had taken 20 units of insulin 
per day. Bilateral supracondylar amputations 
of the lower extremities had been performed 
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Fic. 4. Case 11. (4) Recumbent roentgenogram re- 
vealing extensive gaseous distention of the in- 
testines. Branching linear gas shadows are visible 
within the right side of the liver. (B) Detail view 
of the liver area. 


about ten years earlier. She had been blind for 
one year. 

On admission the blood pressure was 215/ 
105. The temperature was normal but the pulse 
was IO4. She was drowsy but coherent. The 
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abdomen revealed hyperactive bowel sounds 
and diffuse tenderness. 

The white blood cell count was 29,000 with 
86 per cent neutrophils. The urine showed 2 
plus sugar, 1 plus acetone, and 4 plus albumin. 
The blood urea nitrogen was 42 mg. per cent 
and the blood sugar 253 mg. per cent. The CO, 
and blood chlorides were slightly decreased. 
The stool was positive for occult blood. 

Flat and decubitus roentgenograms of the 
abdomen revealed a few slightly dilated loops 
of small bowel. The following day the patient’s 
general condition worsened. Abdominal roent- 
genograms now revealed marked small bowel 
distention with many fluid levels. Several thin 
linear gas shadows were visible in the right 
lower quadrant, apparently lying in intestinal 
wall or mesenteric vessels. Within the confines 
of the liver shadow, a few thin, faint, bifurcat- 
ing, linear gas shadows were noted. Several 
small gas bubbles were present in the right 
flank (Fig. 5, Æ and B). 

Although mesenteric infarction was sus- 
pected from the time of admission, the condi- 
tion of the patient precluded operation, and 
she died forty hours after admission and four 
hours following the final roentgenograms. 

Autopsy was performed nine hours after 
death. The prosector noted the presence of gas 
within vessels in the neck but made no mention 
of gas within the liver, mesenteric vessels, or 
gut wall. The small bowel was greatly distended 
with fluid and gas. Its mucosa appeared swollen 
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and markedly congested. The superior mesen- 
teric artery was occluded about 7 cm. from its 
origin by a dry firm thrombus. The colic 
branches arose proximal to the occlusion. The 
colon, liver, gallbladder, and biliary ducts ap- 
peared normal. 

Microscopic examination of the small bowel 
revealed many areas of necrosis. The liver 
showed pericentral congestion and occasional 
cellular necrosis but no evidence of inflamma- 
tion. Postmortem blood culture yielded Proteus 
mirabilis, Proteus aerogenoids and Clostridium 
paraputrificans. 


Comment. This diabetic female had mild 
acidosis and acute abdominal symptoms. 
Intravascular gas in the liver, marked 
small bowel distention, and linear gas 
shadows lying either within mesenteric 
vessels or the intestinal wall were seen 
roentgenographically a few hours before 
death. Autopsy revealed gas within vessels 
in the neck, and small bowel necrosis sec- 
ondary to mesenteric artery thrombosis. 
Postmortem blood culture yielded three 
different gas-producing organisms. 

Case iv. D.I., a one day old boy, entered 
Children’s Hospital with evidence of esophageal 
atresia. Two days later this was corrected sur- 
gically. The subsequent course was stormy and 
he expired on the sixth postoperative day. At 
autopsy gas was found in all chambers of the 





Vic. 5. Case mt. (4) Enlarged view of liver area revealing a few bifurcating linear gas shadows (arrow). 
(B) Roentgenogram of right midabdomen showing a long linear gas shadow (arrows) lying either in the 
intestinal wall or in a mesenteric vessel. A small gas bubble is visible in the flank, 
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heart, n the inferior vena cava, in the portal 
y=n, cid in the intercostal arteries. The in- 
testina tract appeared normal. derobacter aero- 
gres was cultured from the blood. Micro- 
seapicaly, numerous bacterial colonies were 
se-n in the liver. The final pathologic diagnosis 
wes erobacter septicemia, pneumonia, and 
prule- t mediastinitis. 


DISCUSSION 


In addition to the 4 cases described, one 
cf us B.F.) has seen 2 others with gas in 
t^e heoatic vessels. Unfortunately, this was 
cver ten years ago and the patients’ names 
Fave keen lost, so that the roentgenograms 
zed hospital records are not available for 
reviev. The first of these was a middle- 
cged nan who entered the Dayton Veterans 
Hospral with signs and symptoms of small 
Lewel obstruction. Roentgenograms of the 
t»doenren revealed branching linear gas 
shadows within the liver and evidence of 
«mall bowel obstruction. At operation a 
cbsec loop small bowel obstruction with 
retest nal necrosis was found. The patient 
ded postoperatively. Autopsy was not 
performed. The second case was that of a 
mewbern infant who showed roentgen evi- 
dence of small bowel obstruction and gas 
"ithiz the hepatic vessels. The infant died 
"ithcit operation. Autopsy was not done. 
Jecavse of limited information, these 2 
euses were excluded from the present series. 

Taole 1 is a summary of the findings in 
-he 1. recorded cases of intravascular gas 
+ the liver, including the 4 in the present 
repor . There were 7 infants and 4 adults. 
Nine were males. Only 2 were diabetic, 
»oth n the present series. 

An emortem blood culture was recorded 
T 2 cases, one being negative and the other 
* aowrag derobacter aerogenes. In 9 of the 11 
eases. postmortem blood cultures were per- 
‘ermed and all were positive, Æ. coli being 
"unc in 6, derobacter aerogenes in 2, and 
Jostrsdium paraputrificans and two types 
o Proteus in 1. All of the Æ. coli cultures 
ere encountered in Wolfe and Evans’ 
series of infants, and both of the .Zerozacter 
-jltu: es were from our own series, one in an 
adult and the other in an infant. 
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Marked distention of the gut, shown 
roentgenographically or pathologically, was 
present in 10 of the cases. Although in every 
instance the intrahepatic gas was believed 
to lie within the portal system, in 5 cases 
it was actually visualized in the portal vein 
at autopsy. It was also recognized patho- 
logically in mesenteric veins in 7 cases, in 
the inferior vena cava in 2, in 1 jugular vein 
in 2, in a hepatic vein in 1, inj lac and inter- 
costal arteries in 1 each, in vessels at the 
base of the brain in 1, and in one or more 
cardiac chambers in 3. In addition, gas was 
demonstrated in the gut wall in 5 cases, 
pathologically in 4 and roentgenographi- 
callv in 2. 

All of the 8 patients who had roentgeno- 
grams showing intravascular gas died soon 
thereafter, only 2 surviving more than 
twenty-four hours. These died seven and 
eight days, respectively, a'ter the first 
roentgen evidence of the gas. 

The underlying diagnoses in the cases 
reported included, among others, 3 cases of 
erythroblastosis fetalis, 2 of mesenteric 
infarction, 2 of diabetes mellitus, 2 of 
necrotizing enterocolitis, and 1 each of 
imperforate anus, duodenal atresia, and 
esophageal atresia. Diarrhea occurred in 5 
of the infants and 1 of the adults. 

In searching among these cases for a 
common denominator which might explain 
the presence of gas in the vascular system, 
some interesting factors come to light. In 
the first place, all the organisms found on 
antemortem and postmortem blood cul- 
tures in these cases are potential gas- 
formers, especially in the presence of sugar. 
This raises the possibility of sepsis, at least 
in the portal circulation, as the cause of the 
gas. The well-known association of diabetes 
and gas-producing infection underscores 
the importance of the diabetes in Cases 11 
and 11, and lends support to an infectious 
etiology of the intravascular zas. 

The bacteria isolated in the blood cul- 
tures are all inhabitants of the normal 
intestinal tract. Necrosis of bowel wall, 
present in at least 4 of the 11 cases, cer- 
tainly might predispose to their invasion 
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of the portal system. Unfortunately, the 
genera unreliability of postmortem cultures 
lessens somewhat the validity of this argu- 
ment. “ven so, in Case 1 both antemortem 
and postmortem blood cultures grew abun- 
dant .erobacter aerogenes and the post- 
morter tissues showed many bacterial 
colonies. Serodacter aerogenes ferments varl- 
ous susars to produce carbon dioxide and 
hydrogen! Aralysis of the gas collected at 
autopsy from the portal and jugular veins 
and right atrium of Case 1 showed high 
concentrations of carbon dioxide. The evi- 
dence ^or Aersbacter septicemia as the pri- 
mary cause for the intravascular gas in this 
patien is, therefore, overwhelming. Case 
iv preents similar but less dramatic evi- 
dence «f Aeroeacter sepsis. 

Tha: septcemia from gas-producing 
organi: ms is the major factor in a// cases of 
gas in che portal system cannot be implied 
from cur present knowledge, although the 
uniformly fatal outcome in all the cases 
thus fer reported suggests this possibility. 

A raeory is advanced by Susman and 
Sentur:a! tha: the gas from the distended 
intestine, uncer increased pressure, enters 
the mesenteric vessels through necrotic 
areas on the gut wall. This theory is sup- 
ported by the recognition of “pneumatosis” 
in the gut wall in 5 of the 11 cases, by the 
severe gaseovs distention of the intestine 
in all kut one, and by the presence of enteric 
necros.s in at least 4 cases. Of course, these 
same zactors would predispose to the pas- 
sage cf enteric organisms into the blood 
stream and thus also support the sepsis 
theory. Certainly, the theorv of transmural 
migration of gas cannot explain the cases 
with ir tact intestinal mucosa. 

It is our own belief that most, if not all, 
cases cf intravascular gas in the liver result 
from gas-forming enteric organisms in the 
portal venous system, the intestinal dis- 
tentioa, congestion, and necrosis probably 
playing an im portant role in the migration 
of the orgarisms through the intestinal 
wall. 

The term '"pneumatosis cvstoides in- 
testinelis,” applied by Wolfe and Evans? 
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to the intramural intestinal gas, is better 
avoided for the present, in view of its more 
specific connotation. We do rot believe it 
is the instigating cause of the portal venous 
gas but consider it more likely the effect of 
a simultaneous intramural irfection. The 
presence of gas within the hepatic veins, 
cardiac chambers, and peripheral veins 
indicates either extension of the gas, or of 
the organisms, through the portal capil- 
laries. 

The roentgen localization of the gas to 
the portal venous system and its differenti- 
ation from gas in the biliary system merit 
further discussion. Anatomically, the 
branches of the hepatic artery, portal vein, 
and bile duct lie together in the liver within 
a common sheath. Only their large extra- 
hepatic portions show distinet differences 
in size, position, and direction. The he- 
patic veins, of course, show a completely 
different pattern as they enlarge and con- 
verge cephalad (Fig. 6, Z, B aad C). 

There is no doubt that in all these cases 
the intrahepatic gas lies within the portal 
veins. It was actually seen witain the portal 
system or its mesenteric tributaries in 9 of 
the cases, and it was clearly depicted roent- 
genographically in intrahepatic portal divi- 
sions in Case 1. Since the roentgen pattern 
of the hepatic veins bears no resemblance, 
the only other vascular system to be con- 
sidered is that of the hepatic artery. We 
have been unable to find an» case reports 
of gas within this system in the literature. 

On the other hand, gas within the biliary 
system is more difficult to exclude. In this 
condition, when the gallbladler or extra- 
hepatic bile ducts contain gas, as is usually 
the case, differentiation from intravascular 
gas is easy. If only the intraaepatic ducts 
show the gas, the problem becomes more 
troublesome. As pointed out by Susman and 
Senturia, however, most of tie gas in the 
biliary tree, because of the caudal flow of 
bile, is found in the larger ducts. The re- 
verse circumstances pertain m the case of 
gas in the portal venous system. Thus, gas 
seen predominantly in smaller peripheral 
branches is considered to lie in the portal 
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vessels; if confined to larger, more caudal 
trunks, it is assumed to be in the biliary 
ducts. To date, this distinction has proved 
to be completely reliable. If doubt still 
exists, oral contrast medium may be used 
to attempt the delineation of an internal 
biliary fistula. On occasion, careful study 
of the roentgenogram will reveal gas in the 
mesenteric vessels or intestinal wall, as in 2 
cases in the present series. 

Some mention should be made of the oc- 
currence of gas within the vascular system 
of the fetus, seen in cases of intrauterine 
death. Many explanations for this phe- 
nomenon have been offered,’ but its patho- 
genesis has not been established. We do not 
believe that the mechanism is the same as 
that in the condition under discussion. 

The presence of gas in the portal venous 
system is, at present, a sign of imminent 
death. All the patients have died, most 
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injection of both the hepatic artery and 
biliary tract with barium. Note that both 
systems show identical branching. (B) 
Barium injection of the portal venous sys- 
tem showing a pattern very similar to that 
seen in 4. (C) Roentgenogram after injec- 
tion of the hepatic veins. The pattern is en- 
tirely different from that of 4 and B. 


within twenty-four hours. The longest 
survival was eight davs from the time of its 
recognition. Whether the gas within the 
portal venous system is the actual cause of 
death or only an interesting terminal mani- 
festation is unknown. For the present no 
specific therapy directed toward the intra- 
vascular gas itself is suggested. Aggressive 
treatment of the underlying disease and its 
complications (mesenteric infarction, sepsis, 
etc.) and, particularly, the use of those anti- 
biotics effective against gas-forming organ- 
isms may result in the salvage of some cases 
in the future. 

Of the 11 cases reported, 10 were seen in 
two institutions. This implies that the con- 
dition is considerably more common than 
the literature indicates, but that it is prob- 
ably being overlooked. Careful examination 
of the hepatic region on the abdominal 
roentgenograms of all acutely ill patients 
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for these characteristic branching gas 
shadows will, we believe, result in the recog- 
niion ef many more cases of this entity. 


SUMMARY 


s m the portal venous system presents 
à striking and diagnostic roentgenographic 
appearence which can be differentiated 
from gzs in the biliary tree. Eleven cases, 
inzudizg 4 in the present series, have now 
been reported. The etiology has not been 
es-abliched, but evidence indicates that 
seoxicemia caused by gas-forming enteric 
anisms accounts for at least some cases. 
A high carbon dioxide content of the gas 
was established in one of the present cases. 
Tae frequency of distention, congestion, 
arc ne-rosis of the intestine accompanying 
this ccndition strongly suggests an etio- 
loxe relationship. The prognosis is grave, 
al patients so far reported having died 
stertly after recognition of the intravascu- 
la- gas. 

]eeme 7. Wiot, M.D. 


Cixannzti General Hospital 
Ciznnzti 29, Ohio 
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THE INTRAMURAL CYSTIC DUCT REMNANT* 


By ENRIQUE SCHWARZ, M.D.t+ 


CHICAGO, ILLINOIS 


N TEN to fifteen per cent of patients 

with gallbladder disease, the symptoms 
are not relieved or they recur after cholecys- 
tectomy. One of the causes producing the 
so-called postcholecystectomy syndrome is 
the incomplete removal of the cystic duct, 
leaving behind a residual stump which can 
give rise to symptoms similar to those of 
gallbladder disease. This condition has been 
well described in the medical literature.>:?7 

This paper deals with the study of a less 
frequently recognized entity consisting of 
the presence of a cystic duct remnant of 
the intramural type. This results from 
incomplete removal of an anomalous por- 
tion of the cystic duct which is intimately 
bound to and hard to separate from the 
common bile duct. 


ANATOMIC AND EMBRYOLOGIC 
CONSIDERATIONS 


Normally, the cystic duct is from 1 to 14 
inches long and runs from the neck of the 
gallbladder to join the common hepatic 
duct at an acute angle, forming the common 
bile duct. Nevertheless, Flint? observes 
that the ducts do not unite immediately 
but are bound together in a connective 
sheet, and can be separated by careful 
dissection for a distance of from a few 
millimeters to several centimeters. 

In reviewing the biliary tree of 45 ca- 
davers, the author found that 2; had a 
normal angular junction of the cystic and 
hepatic ducts. In 10 cadavers the distal 
segment of the cystic duct ran parallel to 
the common duct and both were bound 
together by a fibrous union for a distance of 
less than 1 cm. In the remaining 10 cadavers 
studied, the two ducts were bound firmly 
together for lengths of 1 cm. to 1 inch; the 
bound segment of the cvstic duct appeared 


to be embedded in the medial wall of the 
common duct but the lumens were separate 
(Fig. 1, Zand B). A thin septum was found 
between the two ducts after careful dissec- 
tion of the anterior wall. The gross appear- 
ance before dissection was that of a single 
duct. 

This is the intramural variant of the 
cystic duct which occurred in 22 per cent of 
the cadavers studied. Similar findings were 
reported in 1929 by Beaver,! who found 
26 per cent of 57 cadavers having a varia- 
tion of the cystic duct similar to the one 
described here, which he called the “short 
parallel type.” 

This variation corresponds to what Boy- 
den?? calls “septate ductus choledochus” 
in classifying the developmental anomalies 
of the extrahepatic biliary tract. Embryo- 
logically it can be explained as produced by 
a double vacuolization of a segment of the 
common duct during the solid stage of 
development. 

In the early embryonic stage the biliary 
ducts appear as hollow structures which 
later become solid as parietal cells migrate 
into the lumens. These solid epithelial 
structures then undergo a process of vacu- 
olization, which restores the lumen. Almost 
always a single row of vacuoles appears, 
but in some instances a double row develops 
and gives rise to the formation of a septate 
common bile duct which will have an intra- 
mural segment of the cystic duct within 
its medial wall. 


CLINICAL CONSIDERATIONS 


An intramural remnant of the cystic duct 
may produce no symptoms after cholecys- 
tectomy, but it can be the site of patho- 
logic changes such as those found in cases 
with remnants of the gallbladder or of the 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
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F-e. 1. (4) Anatomic specimen obtained from a cadaver and filled with barium. Thin polyethylene tubes 
were placed within the common and cystic ducts. A long intramural segment of the cystic c uct measuring I 
inch m length was found running parallel to the medial aspect of the common duct (between arrows). 
| B)D agram showing a normal biliary tree with an intramural segment of the cystic duct. The insert shows 
= seg nent of the anatomic specimen in 4 demonstrating the double lumen found at the listal portion of 
the cemmon duct. The anterior wall of the duct has been dissected away. The septum separating the intra- 
mura. segment of the cystic duct from the lumen of the common duct is clearly seen. 


eystic duct. The symptoms may be indis- 
tmguihable from those of gallbladder 
Cisease. The need for a well-documented 
s2-ies of such cases is apparent in order to 
Craw definite clinical conclusions. 


ROENTGEN FEATURES 


In reviewing a limited number of post- 
dolecystectomy patients (55 cases) with 
studies of the biliary tree, two typical 
examples of an intramural cystic. duct 
remnent were found. These will help to 
cemorstrate the roentgen features of the 
ccndirion described here. A large series will 
Le puolished in the future. 

The remnant of the cystic duct has been 
Pund only in the medial aspect of the 
ccmmon duct to date. It appears as a 
rezular, clearly outlined segment of the 
cBtal cystic duct coursing parallel to the 
ccmmon duct and alongside its medial wall. 
“ne dividing septum between the remnant 
¿nd the common duct can sometimes be 
visual zed as a thin radiolucent line (Fig. 2). 
Nevertheless, no differentiation -can be 
riade between the two ducts at surgery. 


The shadow of the intramural segment 
of the cystic duct may be superimposed on 
that of the common duct and thus may be 
mistaken for a normal varation of the 
opening of the cystic into the common bile 
duct (Fig. 3, Æ and B). These anomalies of 
the junction between the cystic and com- 
mon ducts occur in about 19 per cent of 
cases,? and the cystic duct may open into 
the medial, anterior or poster or wall of the 
common duct. 


CONCLUSION 


An intramural segment of the distal 
portion of the cystic duct occurs more fre- 
quently than other anomalies of this por- 
tion of the extrahepatic bil ary tree. Its 
incidence in the cadavers studied was high 
but apparently it does not contribute in any 
way to the production of gallbladder dis- 
ease in the average individual. When 
cholecystectomy is performed and this 
anomaly is present, its subseg 1ent behavior 
is similar to that of a cystic stump; and, if 
the remnant is long, dilatation ensues due 
to the difficulty in emptying. It may also be 
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Fic. 2. T-tube cholangiogram of an elderly woman 
who had persisting symptoms after cholecystec- 
tomy. À second operation revealed no abnormal 
findings. Symptoms continued after removal of 
the T-tube. The intramural remnant of the cystic 
duct is seen in its typical medial location (arrows). 
Comparison with previous cholangiograms showed 
a progressive dilatation of the remnant, which was 
originally mistaken for a fistulous formation. 


associated with the formation of stones, 
which could produce symptoms. 

If this anomaly is present, postcholecys- 
tectomy studies of the biliary tree by 
means of T-tube or intravenous cholangi- 
ography will often demonstrate it. Serial 
studies may also reveal progressive dilata- 
tion or the presence of residual stones. The 
radiologist should be aware of this anatomic 
variation in order to differentiate it from 
other conditions, such as a common duct 
fistula which was suspected in the case 
shown in Figure 2. 

Operative cholangiography will show 








Frc. 3. (4) Roentgen examination of the biliary tree through a cholecystostomy. The intramural segment of 
the cystic duct can be seen within the projection of the common duct (arrows). There is dilatation of the 
biliary tree due to obstruction by the large gallstone visualized in the distal common duct. (B) Post- 
cholecystectomy T-tube cholangiogram showing the intramural remnant of the cystic duct (arrows). Note 
its location at the medial aspect of the common bile duct. 


ths anemaly prior to intervening on the 
biliary system, especially if the contrast 
medium is introduced through a cholecvs- 
totom (Fig. 37). This procedure has 
besa recommended by Hicken and co- 
werkers® in order to perform an adequate 
chxecystectomy. Anatomic variations of 
th» cystic duct can thus be visualized, 
ensaring its complete removal, if possible. 
aeless, even after the identification 











Never 
of zm intramural segment, its total removal 
mz- not always be accomplished by sur- 
ge-7. This is due to the close binding of the 
in ramvral portion of the cystic duct with 
the common duct. 

Further evaluation of this seldom recog- 
ni-ed condition is necessary and may be 
acxevel in the future as newer contrast 
media are used for oral and intravenous 
sta lies of the biliary tree. 


SUMMARY 


An infrequently recognized variation of 
the cystic duct has been described. It con- 
sists of a short segment of the distal cystic 
duet which is intimately bound to the 
melial aspect of the common bile duct 
before opening into it. After cholecystec- 
teray this segment is usually left behind 
ard may cause recurrence or persistence of 
syriproms. The remnant can be identified 
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by cholangiographic studies when the 
radiologist is familiar with such an anom- 
aly of the extrahepatic biliary tree. 


Department of Radiology 
University of Illinois 
College of Medicine 
840 South Wood Street 
Chicago, Illinois 
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CHOLEDOCHAL CYST* 
REPORT OF A CASE WITH CONTRAST VISUALIZATION 
By GORDON J. CULVER, M.D., and MARIUS EHRLICH, M.D. 


BUFFALO, NEW YORK 


HOLEDOCHAL cyst, a congenital 

localized dilatation of the common bile 
duct of unknown etiology, is relatively rare. 
Judd and Green? in 17,311 biliary tract 
operations from 1907 to 1926 encountered 
only 1 case of true common duct cyst. 
However, this pathologic condition has been 
known since the 18th century. According 
to Lavenson;? the first case of choledochal 
cyst was described bv Vater in 1723. 

The majority of the authors considers 
this condition to be congenital and Heil- 
iger! reported a case in a stillborn fetus at 
term. It is postulated by some that the 
primary cause of the disease is a congenital 
anatomic weakness of the wall of the duct. 
Others feel that stenosing valve-like dupli- 
cation of the wall or angulation in the distal 
portion of the duct plavs a primarv role 
in causing cystic dilatation. The combina- 
tion of both seems most probable. Re- 
ported cysts vary in size from 1 inch to 12 
inches in diameter, some occupying the 
entire abdomen. The distal portion of the 
common duct in the majority of cases is 
not involved. Roentgenographically, cho- 
ledochal cysts have been demonstrated on 
plain roentgenograms as ill-defined masses 
in the right upper abdomen not well 
separated from the liver shadow. Aspira- 
tion of the cyst's contents and injection of 
contrast material as well as pneumoperi- 
toneum have been done for diagnosis. Large 
cysts may show pressure defects on the 
duodenum and displacement of adjacent 
organs. 

In 1957, Rheinlander and Bowens? de- 
scribed a case of congenital absence of the 
gallbladder associated with cystic dilata- 
tion of the common bile duct in which the 
operative cholangiogram permitted the 


visualization of the malformation with no 
contrast material passing into the duo- 
denum. Exploration revealed a 2 em. calcu- 
lus in the left hepatic duct. Probing was 
unsuccessful in establishing a communica- 
tion between the cvst and duodenum. 

In most reported cases, oral cholecysto- 
graphy has failed to outline the dilated duct 
and rarely has the gallbladder been visual- 
ized. In 1935, Wright? reported a case with 
good visualization of the gallbladder which 
was displaced and deformed by a huge 
choledochal cyst. The cyst was not opaci- 
fied by the contrast material. In. 1927, 
Moseley? described a case of choledochal 
cyst visualized by oral cholecystography 
using telepaque as a contrast medium. In 
this case, both the gallbladder and the 
common duct cyst were well demonstrated. 
A gastrointestinal series following cho- 
lecystography showed the duodenum to be 
displaced, anteriorly and inferiorly, by the 
opacified cyst. These findings were con- 
firmed by exploratory laparotomy. From 
a review of the literature, this is apparently 
the first report of roentgenographic demon- 
stration of a choledochal cyst by oral cho- 
lecystography. In 1958, Liebner* reported 
the opacification of a choledochal cyst and 
gallbladder in an eight and one-half year 
old girl by both oral cholecystography and 
intravenous choledochography. Surgical ex- 
ploration confirmed the roentgen findings. 

Because of the rarity of contrast visual- 
ization of choledochal cysts, the following 
case seemed worthy of reporting. 


REPORT OF A CASE 


The patient, a twenty year old Negro female, 
was admitted to the Buffalo General Hospital 
on October 4, 1959 with a chief complaint of 


* From the Department of Radiology, University of Buffalo School of Medicine and the Buffalo General Hospital, Buffalo, New 
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Fic. 1. Oral cholecystograms in (4) prone and (B) oblique projections. 


riga. upper abdominal pain of four hours’ 
duztion associated with nausea and vomiting. 
Since th: age of thirteen she had had inter- 
mittent attacks of abdominal pain classified 
by aer as "stomach trouble." At the onset, 
whea she was thirteen years of age, she under- 
wer an appendectomy for these complaints. 
Abeat two years prior to the present admis- 
sior she bad developed repeated attacks of right 
upper abdominal pain for which she was seen 
in ae outpatient clinic. There had been two 
adm ssiozs to the hospital for pregnancy, one 
in earch, 1958, and the second in September, 
195 Also she had been readmitted to the hos- 
piti after her first delivery because of severe 
righ upper abdominal pain. She had multiple 
roea:genegraphic examinations which will be 
discessed later. 

T}ysical examination on admission was 
not emarkable except for marked right upper 
abccminsl tenderness. There was no spasm or 
reboiná and no masses were palpated. All 
labe atory studies were negative. There was 
no **iderce of clinical or chemical jaundice. 

Roentyon Findings. Oral cholecystograms 
(Fig 1, 4 and B) taken in March, 1958, 
showed z well-visualized gallbladder shadow. 








A second cyst-like structure lying medial and 
posterior to the gallbladder was opacified to 
about the same density. The interpretation at 
that time was a probable “double gallbladder.” 
Upper gastrointestinal studies ircluding the 
small bowel were normal. There was no evi- 
dence of any deformities or disp acement by 
extrinsic masses. An oral cholecyscogram taken 
in September, 1959 revealed findings identical 
with those of March, 1958. 

Intravenous cholangiography wes done when 
the patient entered the hospital in October, 
1959. Cholangiograms up to three hours after 
the injection of cholegrafin showec the hepatic 
ducts and the proximal 3 cm. of a markedly 
dilated common duct. Cholangiograms taken at 
twenty-four hours are shown in Figures 2, ,7 
and B, and 3. Figure 4 is a composite diagram- 
matic sketch of the roentgen findings. It 
seemed quite obviousat this time taat the large 
opacified cyst-like structure was a choledochal 
cyst. 

Surgical Findings, Operation on October 13, 
1959 disclosed a normal gallblacder with a 
normal cystic duct entering a cilated right 
hepatic duct which appeared to ənd blindly, 
and marked cyst formation. This cyst meas- 
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Fic. 2. Intravenous cholangiograms at twenty-four hours in (4) prone and (5) oblique projections. 


ured approximately § inches in diameter and 
300 cc. of bile was aspirated. An attempt to 
probe the duodenum through the cyst was 
unsuccessful. A normal.sized left hepatic duct 
was found. This had no communication with 
the cyst but passed downward toward the 
duodenum, Probing of this duct did not reveal 
a duodenal communication; however, it was the 
surgeon’s opinion that such an opening did 
exist. (ligure 5 is a schematic drawing of the 
surgical findings.) An anastomosis was made 
between the cyst and a jejunal loop 10 inches 
beyond the first anastomosis. Biopsy of the 
cvst wall was histologically compatible with 
bile duet structure, 

The patient’s postoperative course was with. 
out complication and she was discharged to 
outpatient care on her tenth postoperative day. 
She has been relatively symptom-free since 


Fic. 3. An intravenous cholangiogram in a far 
oblique projection shows the relation of the 
dilated right hepatic duct to the cvstic dilatations 
below. 




















Fie. 4. Composite diagrammatic sketch of roentgen 
findings. 


surgery. She was last seen for follow-up in 
January, 1961. 


DISCUSSION 


The classic clinical triad of pain, tumor 
and jaundice is not always present with 
chwledschal cysts. From a review of the 
literature, it is clear that frequently one 
companent is absent and, in many instan- 
ces, only abdominal pain is present. This 
was trie in our case. At surgery frequently 
there s difficulty in identification and ex- 
ploration of the distal bile duct. In our 
case i. seems logical to assume that the 
cyst was arising from the right hepatic 
duct and, because of the absence of jaun- 
dice, tnat the left hepatic duct entered the 
duodeaum. 

Ora cholecystography is, in most in- 
stances, inadequate for demonstration of 
choledochal cvsts. Probably, with the in- 
creased use of intravenously injected con- 
trast media more cysts will be recognized 
amd accurately diagnosed. Delayed filming 
may be of considerable importance for 
complete understanding of the structural 
changes. This was extremely helpful in the 
case reported here. 


CONCLUSION 


A case of choledochal cyst is reported 
which was opacified both by orally and 
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Fic. 5. Schematic drawing of the surgical findings. 


intravenously administered contrast ma- 


terial. The superiority of the results using 
intravenous injection is stressed and it is 
pointed out that delayed filming may be 
highly important. 


Gordon J. Culver, M.D. 
Department of Radiology 
Buffalo General Hospital 
100 High Street 

Buffalo 3, New York 
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THE COLLAGEN DISEASES: A DEMONSTRATION 
OF THE NONSPECIFICITY OF THEIR EXTRA- 
PULMONARY MANIFESTATIONS* 


By THEODORE E. KEATS, M.D. 


COLUMBIA, MISSOURI 


HE. broad spectrum of clinical and 

roentgen manifestations of the collagen 
diseases has been amply described.!-*5 
Although the evidences of these diseases 
(disseminated lupus erythematosus, poly- 
arteritis nodosa, dermatomyositis, sclero- 
derma, rheumatic fever, and rheumatoid 
arthritis) are protean, each may present 
certain distinguishing features. However, 
they are often difficult to differentiate, 
particularly on the basis of the roentgen 
appearance of pulmonary involvement. We 
have felt, as have others, that the extra- 
pulmonary roentgen findings in these dis- 
eases have more specificity, but more recent 
experience has suggested that these roent- 
gen findings may be equally nonspecific and 
at times misleading. 

This report is presented to illustrate 
these inconsistencies and to point out the 
broad overlap of the roentgen findings in 
these diseases. 


REPORT OF CASES 

Case 1. L.G. This thirty-four year old white 
woman was admitted June 3, 1958 with com- 
plaints of generalized weakness and gangrene of 
the right index finger. She had been hospitalized 
elsewhere in 1944 with a diagnosis of hemolytic 
anemia and had undergone splenectomy. She 
was readmitted to the same hospital in 1956, 
at which time a diagnosis of lupus erythemato- 
sus was made and confirmed by positive L.E. 
tests. 

On her present admission, roentgen examina- 
tion of the upper gastrointestinal tract showed 
atony and dilatation of the esophagus and 
small intestine (Fig. 1, 4 and B). Roentgen 
examination of the hands and wrists showed 
only osteoporosis. However, roentgenograms of 
the right forearm showed calcifications in the 


muscles of the proximal portion (Fig. 1, C and 
D). 

The presence of soft tissue calcifications and 
the changes in the gastrointestinal tract were 
considered confirmatory of collagen disease and 
suggested scleroderma. Examination of the 
chest showed cardiac enlargement but no in- 
filtration of the pulmonary parenchyma. 

The patient expired shortly after admission. 
Autopsy confirmed the clinical impression of 
disseminated lupus erythematosus. 


Comment: This patient with dissemi- 
nated lupus erythematosus showed changes 
in the gastrointestinal tract and soft tissue 
calcifications, both of which are seen com- 
comly in scleroderma. 


Case m. B.J. This twenty-nine year old 
white woman was admitted on June 25, 1959 
with complaints of weakness and fever of two 
months’ duration. She also described intermit- 
tent dysphagia and joint pains. In May, 1959 
she had been hospitalized elsewhere for evalua- 
tion and positive L.E. tests were found. 

Roentgen examination of the upper gastro- 
intestinal tract showed atony and dilatation of 
the esophagus (Fig. 24). At fluoroscopy, the 
esophageal peristalsis was seen to be impaired 
and the distal end of the esophagus was patu- 
lous. The duodenal loop was dilated and also 
showed impaired peristalsis (Fig. 2B). 

The patient’s symptoms were fairly well con- 
trolled with prednisone and chloroquine but 
her condition gradually deteriorated and she 
expired approximately one year after her orig- 
inal admission. Autopsy showed disseminated 
lupus erythematosus with generalized vascular 
involvement. 


Comment: This patient with dissemi- 
nated lupus erythematosus showed changes 
in the gastrointestinal tract which mim- 
icked those of scleroderma. 


* From the Department of Radiology, University of Missouri Schoo! of Medicine, Columbia, Missouri. 
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Case 1. J. W.B. This sixty year old man was 


> 


admitted on May 15, 1958 with the complaint 
o: alceration of the skin of his legs. During the 
p'evious thirteen years, he had noted thicken- 
irg of the skin, starting on the left hand and 
extending to involve the skin of the arms, chest, 
a»dlom-n, legs, and feet. Four years after the 
oaset cf disease, the skin of the hands and legs 
b-oke down and became ulcerated. 

?^hvsical examination showed ulcerations of 
the skin of both feet and ankles with old scars 
exend ng to the knees of both legs. There was 


Fic. 1. Case 1. (4) Roentgenogram of the 
upper gastrointestinal t-act shows di- 
latation of the esophagus and duodenum. 
(B) Roentgenogram male three hours 
following the ingestion o^ barium shows 
delay in small bowel transit with marked 
dilatation of the small bowel. (C and D) 
Roentgenograms of the right forearm 
show multiple discrete areas of calcifica- 
tion in the muscles of the proximal por- 
tion. 





no evidence of venous insufficiency. 

Biopsy of the skin revealed scleroderma and 
cutaneous calcinosis. 

Roentgen examination of the chest disclosed 
extensive linear infiltration throughout the 
parenchyma of both lungs. Examination of the 
lower extremities showed extersive calcifica- 
tion of both the skin and muscle (Fig. 3, Æ 
and B). The roentgen impression was dermato- 


myositis. 


Comment: This patient with scleroderma 
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demonstrated extreme soft tissue calcifica- 
tion of the type usually seen in dermato- 
myositis. 


Case 1v. T.S. This thirty-nine year old wom- 
an was admitted on April 2, 1958 complaining 
of arthritis of nine years’ duration and chest 
pain of one and one-half years’ duration. The 
arthritis was associated with swollen and pain- 
ful joints of both hands, elbows, knees, and 
feet. The swelling and deformity were evident 
on examination. 

Roentgen examination of the chest showed 
evidence of widespread infiltration of the pul- 
monary parenchyma. Examination of the hands 
and wrists revealed marked narrowing of all 
joint spaces and, in addition, there was evidence 
of destructive change in the lateral aspect of 
the head of the proximal phalanx of the third 
finger of the left hand (Fig. 4, 4 and B). Be- 
cause of this destructive change, the roentgen 
impression was that of rheumatoid arthritis. 

L. E. tests were positive on six different oc- 
casions. 

Symptomatic relief was obtained with steroid 
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therapy, but the disease followed a progressive 
course and the patient expired on March 3, 
1959. Autopsy showed disseminated lupus 
erythematosus. 


Comment: This patient with dissemi- 
nated lupus erythematosus showed changes 
in the hands which closely resembled those 
of rheumatoid arthritis progressing to the 
stage of frank bone destruction. 


Case v. C.M. This sixty year old woman was 
admitted on February 17, 1959 with complaints 
of generalized arthralgia and muscle weakness 
of sixteen months’ duration. These symptoms 
had progressed until the patient had become 
bedridden. Two months prior to admission she 
noted dysphagia. 

Physical examination showed marked muscu- 
lar weakness, the muscles being flabby and 
atrophic. 

Roentgen examination disclosed atony of the 
pharynx and esophagus with absence of per- 
istalsis, suggesting scleroderma (Fig. 5, 4 and 


B). 





Fic. 2. Case 11. (4) Roentgenogram of the esophagus shows dilatation and atony. (B) Roentgenogram of the 
upper gastrointestinal tract shows dilatation of the duodenal loop. 
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Fic 3. Case ur. (4 and B) Roentgenograms of both lower extremities show extensive calcification of skin 
and muscle and irregularity of the soft tissues indicating areas of ulceration. 


Electromyography was performed with a 
reading consistent with a myopathy. The mus- 
cle biopsy was reported as dermatomyositis. 

Steroid therapy resulted in definite improve- 
meat cf muscle strength, and relief of dysphagia. 
The patient did not return for follow-up visits, 
but a report from her family physician stated 
tha- she died in May, 1959 of an exsanguinating 
gas-roirtestinal hemorrhage. 


Comment: This patient with dermatomy- 
ositis showed pharyngeal and esophageal 
chenges considered typical of scleroderma. 


DISCUSSION 


Eack of the patients reported here exhib- 
ited ore or more roentgen findings which 
are considered more typical of a form of 
col agea disease other than the one which 
was actually present. 


Cases 1 and 11 with unequivocal lupus 
erythematosus revealed roentgen findings 
in the gastrointestinal tract and soft tissues 
which are identical to those described in 
scleroderma,‘ and this diagnosis was there- 
fore suggested. In scleroderma the esopha- 
gus is widened and atonic, with diminished 
peristalsis, and regurgitation from the 
stomach occurs. The small bowel is dilated, 
with diminished peristalsis. Delay in tran- 
sit Is observed. The heart may be enlarged. 
Also, in scleroderma soft tissue calcification 
occurs, most often in the hands, but it may 
be present elsewhere, particularly in areas 
subjected to pressure, as in the forearms of 
our Case r. The similarity of these changes 
to those seen in our Cases 1 and 11 is strik- 
ing. 


It is true that the gastrointestinal tract 
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Fic. 4. Case 1v. (4 and B) Roentgenograms of both hands show osteoporosis, narrowing of joint spaces, and 
early destructive change in the proximal phalanx of the third finger of the left hand. 


of patients with lupus erythematosus may 
show lack of tone, dilatation, and poor 
peristalsis, but usually these changes are 
much less severe than those seen in sclero- 
derma and in our Case r.?* 

Case 11, a patient with proved sclero- 
derma, demonstrated extensive cutaneous 
and muscular calcification, which is more 
usually related to dermatomyositis than 
to scleroderma.?? The calcification in this 
patient was not discrete in periarticular or 
pressure areas, as commonly is seen in 
scleroderma.* For this reason it resembled 
more the amorphous cutaneous and muscu- 
lar calcification of dermatomyositis, the 
diagnosis which was suggested roentgeno- 
logically. 

Case 1v, a patient with proved dissemi- 
nated lupuserythematosus, showed evidence 
of an inflammatory arthritis with osteo- 


porosis and narrowing of the joint spaces of 
the hands. These osseous findings may be 
seen in lupus erythematosus, but, unlike 
rheumatoid arthritis, they do not as a rule 
progress to the phase of bone destruction.2: 
The evidence of destructive change in one 
finger suggested the diagnosis of rheuma- 
toid arthritis. Combinations of rheumatoid 
arthritis and systemic lupus erythematosus 
do exist,” but in this patient there was no 
other evidence to suggest such an associa- 
tion. 

Case v, a patient with proved dermato- 
myositis, showed severe alterations in 
pharyngeal and esophageal motility. AL 
though an aperistaltic esophagus has been 
described in dermatomyositis,® it is seen 
most consistently in scleroderma and usu- 
ally suggests the latter diagnosis. 

The data presented here are further evi- 
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dence for the concept that all of these dis- 
eases are systemic alterations of the connec- 
tive tissue and that their pathogenesis may 
be simi ar. Since connective tissues can re- 
spond ~ injury in only a limited number 
of ways, it is not surprising that the clinical 
and roentgen manifestations of diseases of 
coanecdve tissues may closely simulate 
each other and may, in fact, be indistin- 
gvishalle. 

These cases also illustrate the fallibility 
of ove -reliance on any single roentgen 
change and the lack of specificity of these 
change. A correct diagnosis requires the 
cambined information derived from clini- 
cal, roentgen, and laboratory sources. 


SUMMARY 


= 


Five cases of collagen disease (3 of sys- 
temic upus erythematosus, 1 of sclero- 
dems, and 1 of dermatomyositis) are 
resorted. Each of these cases presented ex- 
tripulmonary roentgen findings which are, 
as a ru, more typically seen in some other 
form o this family of diseases. Clinically 
ard roentgenologically, these diseases are 
peorly defined and undue reliance should 
nct be placed on a single roentgen mani- 
festaticn. 

Department of Radiology 
Scool œ Medicine 
Uaiversicy of Missouri 
Cclumbav, Missouri 
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THE ROENTGEN APPEARANCE OF MUTILATING 
PALMO-PLANTAR KERATOSIS* 


By NORMAN L. PRESLEY, M.D.,f and FREDERICK J. BONTE, M.D. 


DALLAS, TEXAS 


HE disease characterized by the for- 

mation of disabling hyperkeratoses of 
the skin of the palms and soles is best 
known as palmo-plantar keratosis or kera- 
toma, but it is also called by the following 
synonyms: keratoderma, hyperkeratosis 
palmaris et plantaris,'? tylosis palmarum et 
plantarum, ichthyosis palmaris et plan- 
taris, symmetric keratodermia of the ex- 
tremities,! and Méléda disease.? The multi- 
tude of synonyms is due in part to the dif- 
ference in degree and extent of the disease 
process and to the other ectodermal dys- 
plasias which may be associated with it. 
The mutilating form of this disease is rare, 
however, and to our knowledge the case re- 
ported herein is the most extensive vet de- 
scribed. The mutilations of palmo-plantar 
keratosis offer characteristic roentgeno- 
graphic changes from which the diagnosis 
can be made or strongly suspected. 


HISTORICAL REVIEW 


In 1826 Stulli described an endemic, 
congenital disease occurring in the inhabi- 
tants of the island of Méléda in southern 
Dalmatia which was manifested by hyper- 
keratosis involving chiefly the palms and 
soles.*5 Stulli's cases were initially thought 
to be endemic leprosy, but were later ident- 
tified as the same palmar and plantar kera- 
toma described by Thost in 1880 and Unna 
in 1883.8 The hereditary and familial na- 
ture of the disease probably explains the 
high incidence on Méléda, where inter- 
marriage occurred frequently in an isolated 
community.* 


ETIOLOGY AND CLINICAL COURSE 


Palmo-plantar keratosis is characterized 
by symmetric thickening of the horny layer 


of skin beginning on the palms and soles 
and occasionally extending over the dorsal 
surfaces, especially about the metacarpo- 
phalangeal joints.** It may be congenital 
or acquired. The acquired form, an uncom- 
mon variant, appears to be secondarv to 
eczema, infection, psoriasis or toxic der- 
matoses (arsenic)? In the congenital form 
heredity is the important factor. Many 
authors have cited multiple cases occurring 
through several generations of a given 
family.* Turpin et a/.,’ for example, followed 
the development of the disease through six 
generations in 15 members of a family of 28 
individuals. He suggested that the genetic 
character is monogenic, autosomal and 
dominant. 

# Congenital palmo-plantar keratosis is 
rarely manifest at birth and is generally not 
recognizable until the third or fourth month 
of life. Occasionally it may not appear be- 
fore four or five years of age, even when of 
congenital origin. The hyperkeratosis be- 
gins as patches of epithelial thickening 
which grow and coalesce until they form 
thick, smooth, yellowish-white, translu- 
cent, hard plates over the palms and soles. 
The palms are eventually completely cov- 
ered by these plates, while, as a rule, only 
the weight-bearing portions of the soles are 
involved. The horny plate becomes rigid 
and inelastic, predisposing to the formation 
of fissures.? Further, in both the congenital 
and acquired forms of keratoma, hvperhi- 
drosis soon develops, resulting in macera- 
tion and additional fissuring of the lesions. 
9795-* With maceration comes infection, 
and the hyperkeratoses lose their plate-like 
appearance and assume a dirty gray to 
brown color and a verrucous surface, and 
they may become odoriferous. Hyperkera- 


* From the Department of Radiology of the University of Texas Southwestern Medical School and Parkland Memorial Hospital, 


Dallas, Texas. 


1 Clinical Fellow in Radiology of the American Cancer Society, Texas Division, Inc, 
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to-« lesions may later appear on the dorsa 
of the kands, and on the knees, elbows, in 
the gro: n, or on any other area of the skin 
at whica pressure due to weight bearing or 
cle-hinz abrasion may occur.? 

In cectain severe cases, mutilation in the 
fom o” spontaneous amputation of digits 
may occur.*? This seems due in part to the 
development of deep, annular, horny, con- 
st- ctive bands which form about the digits 
ard which seem to be peculiar to the muti- 
lang form of palmo-plantar keratosis. 
Aditienal mutilation may occur as the 
result cf fissuring, infection and consequent 
trophic complications due to scarring and 
p--ssu:e upon nerves and vessels. 

The histopathology is nonspecific. The 
sEn leyers are uniformly thickened with 
excesswe cornification and may be other- 
wise normal. The lesion may be confused 
pathologically with psoriasis. When fissures 
h we developed, inflammatory changes are 
presen: because of secondary infection. 

[n the usual form of palmo-plantar kera- 
tosis, soentgenographic findings do not or- 
dinari. contribute to the diagnosis, but, 
when the mutilating form is present, 
roentgen manifestations characteristic of 
txs eatity will appear and they are de- 
s-"ibec below. 


REPORT OF A CASE 

R.R, a Negro male, was born September 20, 
1541, the third of four children. Although ap- 
parent y normal at birth, at two months of age 
he dev: loped a persistent, rough, erythematous, 
scaly rash over the inguinal area and buttocks. 
2: eighteen months, patches of dry, scaly, 
tx ckered skin appeared on the soles and sim- 
itar lesions on the palms three months later. 
'T 4ese 1yperkeratoses rapidly spread to involve 
tx emire palmar, and much of the plantar, 
sirfaces. The disease process continued and, at 
t= age of five years, the skin over the palms, 
ses, nguinal and perineal regions was scaly 
ard thickened with layers of dead skin. The 
extremely thick keratoses of the palms and 
ces -aused swelling and spreading of the 
cBits. At that time, the left hand showed ampu- 
tation of the distal phalanx of the fourth finger 
crd a wet granulating stump of the distal 
pualarx of the fifth finger. In addition, the 
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skin over the knees and elbows showed keratotic 
plaques. There was kyperkeratot c skin about 
the corners of the mouth, the ears, the penis 
and scrotum. 

Roentgenograms of the extremities made at 
the age of five are said to have shown deminer- 
alization of the metacarpals amd phalanges 
with resorption of the tufts of all the distal 
phalanges. There were destructive lesions in- 
volving several of the other phalanges, and, of 
course, the amputations were apparent. 

At the age of eight the distribution of the 
lesions was the same but the hyperkeratoses 
had become larger, forming dense, fissured, 
woody masses which extended deep into the 
palms. The hands were claw-like and function- 
less. The fingers and thumbs showed progres- 
sive atrophy with proliferation of keratin tissue 
about the nails, and on the basis of this latter 
change an erroneous diagnosis of pachyonychia 
congenita was made. The distal portions of the 
fingers were atrophic and about the size of an 
infant's digits. The feet showed zhe same find- 
ings as the hands with slightly less atrophy of 
the digits. Several more distal phalanges of 
hands and feet were absent. 

Pathologic examination of a biopsy specimen 
from the sole of the left foot showed marked 
hyperkeratosis with piling up of excessive 
keratohyalin material on the epi-helial surface. 
Epithelial hyperplasia was seen with widening 
of the stratum granulosum and elongation of 
the rete pegs. Diffuse chronic inflammatory in- 
filtration was present. 

When he was eight years old the patient had 
prolonged hospitalization for surgical proce- 
dures on the feet which included amputation of 
the remaining toes and resection of the plantar 
surfaces. Pedicle grafts were brought to the 
under surfaces of the feet from the thighs. Due 
to infection, the right foot had to be grafted 
twice. Then, as happened sc many times 
throughout his course, the patient was lost to 
follow-up for a lengthy period. 

At the age of fourteen the patient was ad- 
mitted to the hospital twice for staphylococcal 
septicemia arising from the infec-ed extremities. 
At that time the skin grafts on the plantar sur- 
faces were intact, and, of course, the toes had 
been previously amputated. All fingers were 
now missing from the hands as a result of 
autoamputation, and, due to the development 
of hyperhidrosis, macerated, fissured skin 
covered palmar and dorsal surfaces. 
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ic. 1. (4) Posteroanterior roentgenograms of the wrists and hands, made at the age of fourteen, show pres- 
ervation of mineralization of bones, but there is amputation of bones and soft tissues at the level of the 


metacarpal bases. There is some thinni 





tissue of the hands appears somewhat irregular. (B) I 
thick, featureless soft tissue over the palms. Surgical 


; of the distal shafts of the radii and ulnae. The remaining soft 


ateral roentgenograms of the hands and wrists show 
lressings are in place. (C) Anteroposterior roentgeno- 


grams of the feet, made at the age of fourteen, show amputations of all toes at the level of the metatarsal 
heads. Mineralization is, in general, good, although there is trophic thinning of the shafts of all metatarsal 
bones. (D) Lateral roentgenograms of both feet show thickening of the soles due to replacement of the 
keratomatous plantar tissue by fatty skin grafts. All prints were made from microfilm reproductions. 


Roentgenograms of the extremities made at 
the age of fourteen (Fig. 1, 4—-D) show slight 
demineralization of Autoamputation, 
probably a result of cornified bands, the pres- 
sure exerted by abnormal tissue masses, and 
inflammatory scarring, has extended to the 
level of the metacarpal bases in the hands (Fig. 
1, A and B) and to the metatarsal heads in the 
feet (Fig. 1, C and D). Figure 1D shows the 
thick, fatty skin grafts applied over the soles 
of the feet six years earlier. 

The patient returned recently, now nineteen 
years old, and was seen by us for the first time. 
There was abundant evidence that the destruc- 
tive process had continued. The hands and 
feet were now macerated stumps partially 
covered with warty, nodular keratotic plaques 
(Fig. 2, 4 and B). The skin graft on the left 


bone. 


foot was largely replaced by verrucous, macer- 
ated keratoma tissue, but the right skin graft 
was intact with keratomatous change about its 
margins (Fig. 2, C and D). Hyperkeratotic 
plaques were present on the skin about the 
knees (Fig. 2C), elbows and sacrum. There was 
hyperkeratosis to a lesser degree under the 
arms, about the groin and about the ears. Re- 
view of these findings, and of pertinent derma- 
tologic literature, led us to the diagnosis of 
mutilating palmo-plantar keratosis. 
Roentgenograms made at the present time 
(Fig. 5, 4, B and C) show that there has been 
progressive loss of bone during the past five 
years (compare with Figure 1, 4—D). All meta- 
carpals have now been lost from the hands 
(Fig. 3C) and there is fusion of the remaining 
carpal elements, possibly the end result of 
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superimposed bone infection. Note that miner- 
alization is rather well preserved. There is 
thirning of the distal aspects of the shafts of 
the eft radius and ulna, and periosteal reaction, 
perLaps the product of infection, is seen along 
the distal medial ulnar shaft. Especially note- 
wor-hy is the appearance of the soft tissues on 
the -oentgenogram, for one can see the nodular, 
war y appearance characteristic of infected, 
macerated keratoma tissue. These findings are 
ever more striking on the roentgenograms of 
the xft foot. There has been further au toampu- 
tatien of all of the metatarsals and some of the 
tarse] bones in the left foot (Fig. 34) and of 
the dista! second, third and fourth metatarsals 
in the right foot (Fig. 3B). Note the trophic 
thinaing of the shafts of the first and fifth right 
metitarsals (Fig. 3B). 

The patient himself is mentally alert and 
intel igent, and he can use his upper extremity 
stum ps to feed himself and to write. Future 
management will include removal of the stumps, 





Fic. 2. (4) Photograph of the dorsal surfaces of the 
arms, made at the age of nineteen. Note destruc- 
tion of the hands and replacement by nodular, 
fissured, macerated tissue. (B) Volar surfaces of 
the wrists and hands showing warty, macerated 
keracomatous tissue. 


Palmo-Plantar Keratosis 


4^ 






Fic. 2. (C) Photograph of the legs and feet, made at 
the age of nineteen, shows replacement of the left 
plantar graft by keratomatous tissue which has 
appeared along the margins of the still-preserved 
graft on the sole of the right foot. Note hyper- 
keratotic lesions over the knees. (D: Close-up of 
the feet. 


which are unsightly and a source of infection, 
and the development of prosthetic devices 
which will fit in such a way as to exert minimum 
pressure on the skin and so avoid che develop- 
ment of new areas of kyperkeratosis. Thorough 
questioning of the patient’s family yields no 
history of skin lesions of any sort. 


DISCUSSION 

Palmo-plantar keratosis is an ectodermal 
defect, commonly, perhaps always, con- 
genital in origin, manifested by a tendency 


toward excessive cornification of the skin of 
the palms and soles as well as at other pres- 
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Fic. 3. (4) Anteroposterior and lateral roentgeno- 
grams of the left foot, made at the age of nineteen, 
show further progression of trophic changes and 
autoamputation. The warty, nodular character of 
the soft tissues combined with trophic changes is 
characteristic of mutilating palmo-plantar kera- 
tosis. (B) Anteroposterior and lateral roentgeno- 
grams of the right foot show slight demineraliza- 
tion, but there is evidence of further trophic 
change in the metatarsals. The plantar graft is 
preserved. (C) Posteroanterior roentgenograms of 
the hands and wrists, made at the age of nineteen, 
show further loss of bone. Autoamputation of all 
metacarpals has now occurred and there has been 
dissolution of virtually all of the metacarpals, but 


good mineralization is maintained. Note beginning trophic changes in the distal radii and ulnae. Periosteal 
reaction along the medial aspect of the distal left ulna may be the result of osteomyelitis from the always- 
prevalent soft tissue infections. Soft t-ssues show the characteristic irregular, lumpy appearance of far- 


advanced palmo-plantar keratosis. 


sure points about the body. The most mor- 
bid form of this disease, apparently a rare 
complication, will progress to mutilation in 
the form of autoamputation of phalanges 
and soft tissues of the digits, later extending 
to metacarpal and metatarsal regions. 
Autoamputation of digits may be caused by 
circumferential cornified bands with em- 
barrassment of blood supply and innerva- 
tion, but the destructive changes in the 
palms and soles, and probably to some ex- 
tent in the digits as well, seem also to be the 
result of pressure on bone, nerves and ves- 
sels by keratomatous masses, and possibly 
of inflammatory scarring produced by re- 
peated infections that occur in the deep 
clefts of the macerated, verrucous keratoma 
tissue. In the case reported above, yet 
another type of bone change was present. 


It is illustrated by the fusion of carpal 
elements seen in Figure 3C and is probably 
the end result of healed osteomyelitis and 
infectious arthritis transmitted from infec- 
tions constantly present in the abnormal 
overlying soft tissue. 

There is a lengthy list of disease entities 
which can cause terminal phalanx or digit 
resorption, including collagen diseases such 
as scleroderma and rheumatoid arthritis, 
and such processes as Raynaud’s disease, 
thromboangiitis obliterans, syringomyelia, 
frostbite syndrome and ergot poisoning. 
Seldom does bone atrophy in these condi- 
tions extend to proximal phalanges or be- 
yond. Digital autoamputation can occur in 
the fifth, and occasionally the fourth, toe 
in ainhum, but probably the disease most 
seriously to be considered in the differential 
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diagness of the findings described in our 
cas? above 1s leprosy. In the neural form of 
lep.osy. progressive distal atrophy and 
autoameoutation can occur, as can soft tis- 
su zulceratior and secondary osteomyelitis. 
A asefal objective roentgen differential 
dizsnoscic pont is the identification of the 
nocular, warty keratoma tissue, well illus- 
tried m Figure 3, 4 and C, which is the 
product of fissuring of the macerated horny 
plz:es produced by the dystrophic epithe- 
liuc in palmo-plantar keratosis. 

*s a matter of interest, it can be said that 
treztmeat of palmo-plantar keratosis re- 
m: ms supportive, with the application of 
soft2ning unguents to prevent cracking of 
the horr y epithelial plates present initially, 
the administration of antibiotics for deep 
infzctloss which may occur, and surgical 
rel cf of digital compression bands. In the 
case we have described this treatment 
cot d not be carried out, but whether it 
wodd have been of avail in preventing the 
metilation which has occurred is not 
knewn. 


SUMMARY AND CONCLUSIONS 


1. A congenital familial disease, palmo- 
pla-tar zeratcsis, is initially manifested by 
der se th ckeniag of the epithelium of palms 
anc. sole. , and of the skin at pressure points 
abcet tae body. Later, maceration may 
ocea as the result of hyperhidrosis. 

x A norbic variant of this disease may 
procuce mutikition in the form of auto- 
am citations cf digits, and finally of the 
ent :etv of the hands and feet. 
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3. The findings of trophic bone atrophy 
combined with regularly nodular, verrucous 
soft tissue are thought to afford a relatively 
absolute basis for roentgenologic identifica- 
tion of this entitv. 


Frederick J. Bonte, M.D. 
5201 Harry Hines Boulevard 
Dallas 35, Texas 
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SOME ROENTGEN FEATURES OF PAGET’S DISEASE* 


By HOWARD L. STEINBACH, M.D. 
SAN FRANCISCO, CALIFORNIA 


AGET'S disease, an entity of unknown 

etiology, is found in over 3.5 per cent of 
the population bevond the age of forty-five 
vears.^!*29 The incidence increases until the 
age of seventy-five after which it levels off. 
The disease affects males more often than 
females?" and shows a familial predisposi- 
tion. Most cases are detected initially 
as incidental findings on roentgenograms 
obtained for other purposes. Other patients 
may see a phvsician because of pain, frac- 
ture, deformitv of an extremity, increased 
head size, or warmth of the overlving skin. 
Some cases are discovered by dentists when 
they find hypercementosis or ankylosis of a 
tooth, or deformity of the jaws. Deafness 
from involvement of the inner ear or signs 
of malignant degeneration of an involved 
bone may be the first indications of the 
disease. 

The disease is localized to one or more 
bones, although, rarely, all, or almost all, 
of the bones may be affected.’ According to 
Dickson e£ al., the pelvis is the most com- 
mon site of the disease, with involvement 
of the femur, spine, skull, and tibia next in 
frequency, respectively (Table 1). 


PATHOLOGY 

Macroscopically, in advanced cases, the 
involved bone is thickened and presents a 
rough, uneven surface. Long bones are 
frequently deformed; compact bone is re- 
placed by lamellated spongy bone of vary- 
ing density, and the marrow cavity is wide 
or narrow. In cranial involvement, the 
bones of the vault of the skull are some- 
times greatly thickened. The inner and 
outer plates and diploé may not be dis- 
tinguishable, with the entire thickness con- 
sisting of spongiosa. If the base of the skull 
is involved, it sometimes bulges into the 


Tase I 
LOCATION OF OSTEITIS DEFORMANS IN 367 CASES* 
Combined — Sclerotic 
Phaset Phaset 
(100 cases) (too cases) 


Site of 


Casest 
Involvement 


Pelvis 243 
Iliac bones =- 107 100 
Ischia - 97 33 
Pubic bones gb 73 
l'emur 0171 68 40 
Skull 153 - 
Tibia 127 £1 22 
Sacrum — 42 35 
Lumbar spine 103 a8 30 
Dorsal spine 51 iG 9 
Clavicle 33 8 1$ 
Humerus 20 9 i 
Ribs 12 2 
Scapula 7 1 
Radius 7 1 
Cervical spine 6 2 
Fibula 6 3 
Ulna 5 1 
Os calcis 4 1 2 
Patella 4 2 
Talus I l 








* Reprinted with permission of Radiology. 

Not including bones of the face and base of skull. More than 
one site of involvement in a number of cases. 

+ Cases of involvement of given site among total 367 cases. 

t Classified roentgenographically. In these columns bilateral 
involvement is counted twice. 





cranial cavity. The bones and periosteum 
are frequently vascular and the vessels 
leading to the bones are enlarged.*:" 

Paget’s disease is primarily one of bone 
destruction. Osteoclastic resorption of the 
trabeculae of the spongiosa or the walls of 
the haversian canals of the compacta is 
followed by connective tissue proliferation. 
Immature membranous bone is formed, 
which is destroved and reconstituted re- 
peatedlv, producing the irregular, numer- 
ous cement lines and characteristic mosaic 
pattern described by Schmorl.?? 


* From the Department of Radiology, University of California, School of Medicine, San Francisco, California. This work was 
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Extensive involvement stimulates the 
petiosteum to produce bone which is re- 
soed and converted to Paget’s bone, re- 
sulting in expansion of the cortex. 

The destructive process is self-limited 
arc almost invariably is followed by osteo- 
genesis, which is a manifestation of healing. 
Oreogenesis is stimulated by stress, such 
as weight bearing, and is inhibited by im- 
m zbilization to a greater extent in Paget's 
disease than in normal bone. 

The serum alkaline phosphatase, which 
recresents the degree of osteoblastic ac- 
tim tv, is elevated in cases with extensive 
involvement and active disease. It is least 
elevated in the healed or sclerotic phase. 
Tas sedimentation rate is also frequently 
elevated with active Paget's disease." 


PATHOLOGIC FEATURES OBSERVED 
ROENTGENOGRAPHICALLY 


Many of the pathologic features of the 
disease can be observed roentgenograph- 
icaly, particularly if serial roentgenograms 
m "le over a period of years are available. 
One such process, that resulting in the 
deformity of bones present in advanced 
cases, can be observed readily in the se- 
quence of events leading to lateral curva- 
ture of the femur or anterior curvature of 
the tibia. Weight bearing produces tension 
fo-ces upon the lateral surface of the femur 
arc compression forces on the medial sur- 
face.’ The extremely active and weakened 
Pzset’s bone responds with periosteal ap- 
pcsition on the surface subjected to tensile 
to-ces, leading to a lateral expansion of the 
bcre. This process may be followed by re- 
so-ptieon of the opposite cortical surface 
proceeding at an almost equal rate and by 
compensating apposition and resorption of 
the endosteum, which maintains the medul- 
la-7 canal (Fig. 1). The curvature of the 
tib a is the result of bone apposition on the 
arterior surface followed by resorption of 
the posterior surface (Fig. 2 and 3). Here 
toi, apposition is on the side of the bone 
subjected to tension, and resorption on the 
sice where compression exists. This ex- 
pliaation also accounts for elongation of 
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Fic. 1. Increased convexity of the left femur from 
bone apposition along the lateral surface. Slight 
resorption of medial subcortical surface has pro- 
duced curvature. Bone deposited upon the 
medial endosteal surface, without corresponding 
resorption of the lateral endosteal surface, results 
in a narrow medullary canal. 


the bone. It is readily apparent in the curved 
tibia that the bone is longer than normal, 
as, despite the curvature, the upper and 
lower ends maintain their relationship with 
the normal fibula. A similar mechanism is 
assumed to be responsible fo- the curva- 
ture of other long bones (Fig. 4), the basilar 
invagination of the skull, and inward pro- 
trusion of the acetabula and adjacent struc- 
tures in the pelvis (Fig. 5). The forces 
responsible may be due to muscle pull or 
gravity. 

The process of apposition and attrition 
of bone is frequently seen i migrating 
teeth and in the enlarged sella turcica 
caused by a pituitary tumor. It operates 
normally in the enlargement of the cal- 
varium with growth of the brain. 





Fic. 2. Bone apposition on the right tibia anteriorly 
without resorption of the posterior surface. 


FRACTURES 

The bones in Paget’s disease, although 
sometimes appearing strong, are much 
more prone to fracture than normal bone 
when subjected to a bending force, particu- 
larly during the destructive phase.?^*:! The 
fractures may be complete, are usually 
transverse, or occasionally oblique, and 
most frequently occur in the spine or upper 
part of the femur and tibia (Table 11). 
Collins? found 9 fractures in 70 patients, 
but only 1 in a routine survey of 650 con- 
secutive patients, 24 of whom had Paget’s 


Fic. 3. Marked anterior bending deformity of the 
left tibia due to bone apposition anteriorly and 
resorption posteriorly. An almost equal apposi- 
tion on the posterior endosteal surface and resorp- 
tion of the anterior endosteal surface maintains 
the width of the medullary canal. Although 
curved, the ends of the tibia maintain an almost 
normal relationship with the fibula, indicating in- 
creased bone length. 


Howard L. 


Steinbach 


NOVEMBER, 1961 


Tase II 


INCIDENCE OF PATHOLOGIC FRACTURE IN 367 
CASES OF OSTEITIS DEFORMANS* 








Location of Fracture 


Patients 
Thoracic portion of spinal column 24 
Lumbar portion of spinal column 24 
Right femur 8 
Left femur 1 
Right tibia 6 
Left tibia 3 
Right humerus I 
Left humerus I 
Separation of tibial tubercle 2 
Ischium (only ununited fracture observed) ] 
Basioccipital protrusion (extensive)T 6 


Total number of pathologic fractures 
among 62 patients 77 





* Reprinted with permission of Radiolog y. 
T The present author does not consider basioccipital protrusion 
to represent a fracture. 


disease. He estimated that the incidence 
must be less than that indicated in pub- 
lished reports and not more than 1 per cent 
of all cases.’ The fractures heal readily, the 
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callus converting to the same type of 
mosaic structure as the surrounding bone. 

The ‘ractures in the femur and tibia are 
more o ten incomplete, extending from the 
periost-um to the medulla in the shaft or 
for varying distances into the cancellous 
bone a& the ends. These fractures occur 
aloag tae lateral surface of the femur or the 
anterior surface of the tibia. They appear 
on coertgenograms as fissures lying perpen- 
dicular y to the long axis of the bone (Fig. 
6.48. Occasionally, if they have been present 
for several days or weeks, the margins of 
the deects are sclerotic. The incomplete 
fractures have been confused with the 
pseudo ractures of osteomalacia but can 
usually be differentiated by their position 
(Fix. 17). Pseudofractures in osteomalacia 
involve the medial surface of the shaft or 





lic. 4. B-nding and elongation of the radius due to 
periost al and endosteal apposition and resorp- 
ten; also slight bone growth distally as the 
zr-iculzr surface and styloid process of the radius 
extend beyond the usual relationship with the 
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Fic. s. Bending inward of the medial wall of the 
right side of the pelvis due, primarily, to bone 
apposition. Some resorption of the acetabular 
surface, indicated by migration ef the femoral 
head medially. The uniformly narrow articular 
cartilage of the right hip is presumably due to the 
resumption of endochondral ossification without 
corresponding cartilage proliferation. The early, 
primarily destructive stage of Paget's disease is 
demonstrated in the upper end of the left femur 
and in the left innominate bone. There are thick- 
ened bone bundles along the lines of stress. 


superior surface of the neck of the femur; 
they are associated with generalized bone 
disease and frequently are almost sym- 
metric bilaterally.” 

Two factors are probably responsible for 
the location of the incomplete fractures: (1) 
When a sudden or heavy load is exerted 
upon the lower extremitv, the tension or 
stretch exerted along the lateral aspect of 
the femur and the anterior surface of the 
tibia breaks the structurally weak Paget's 
bone. The forces along the opposite sur- 
faces of these bones are those of compres- 
sion and, therefore, do not produce frac- 
tures. (2) The fractures tend to occur in 
the region of bone resorption at the advanc- 
ing margin of the lesion. The disease usually 
begins at the upper end of the femur or 
tibia and it is here, where the tensile forces 
are greatest, that the highest incidence of 
fractures is found. Occasionally the disease 
originates at the lower end, or zt both ends 
simultaneously, and, regardless of the site 
of origin, as the disease spreads, additional 
fissure fractures occur at intervals, some- 
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Fic. 6. (4) Lateral roentgenogram of the tibia obtained after the patient experienced sudden pain. The 
lower 2 of 4 horizontal lines visible are horizontal fractures of the anterior cortex, but they extend obliquely 
downward and posteriorly to involve the posterior cortex. Soft tissue sw elling was visible adjacent to the 
fractures. The upper two lines, covered by bone along their endosteal and periosteal surfaces, represent 
residual defects from old fractures. (B) Roentgenogram several months later. Prompt healing of posterior 
extensions of the fractures, probably because the fragments were approximated by compressive forces. 
The persistent anterior defects have joined the upper two defects as permanent scars. 


times almost equidistant from each other 
(Fig. 7). 

'The fresh cortical fractures are associated 
with pain. When the anterior surface of the 
tibia is involved, a localized soft tissue 
swelling is visible on lateral roentgeno- 
grams. Shortly after the fracture is sus- 
tained, the periosteum forms bone over the 
fracture and for a variable distance sur- 
rounding it, leading to further thickening 
of the cortex. Endosteal bone also forms, 
limited to the immediate vicinity of the 
fracture and encroaching upon the medul- 
lary canal. Thus, the ends of the fractures 
are covered but the bony defect in the 
center of the cortex remains as a permanent 
scar. In some cases, a series of such scars 
attest to numerous previous traumata. The 


scars can be differentiated from recent 
fractures because thev do not extend out 
to the periosteal surface of the cortex (Fig. 
6, A and B; and 7). Although fissure frac- 
tures with complete healing were reported 
in the earlier literature, this was not true 
in our experience, possibly because our 
patients usually were treated on an ambu- 
latorv basis or with limited immobilization 
to avold such complications as increased 
destruction of bone, hypercalcemia, and 
renal calculi. Perhaps continued weight 
bearing may prevent complete healing and 
lead to fibrous union. Where fractures ex- 
tended completely across the shaft of a 
bone, the surface subjected to compression 
forces healed earlv, whereas defects per- 
sisted on the opposite surface (Fig. 6B). 


CYST-LIKE DEFECTS 
Radiolucent cyst-like defects of various 
size, surrounded by dense bone, may be 
seen in the spongy bone of the pelvis, the 
head ard neck of the femur and other bones, 
and in deep layers of compact bone. These 
are collections of fat, resulting from necrosis 
and liqaefaction of the proliferating fibrous 
tissue. 
CLASSIFICATION 
The -oentgen appearance may be clas- 
sifed mto three descriptive forms: (1) 
sclerotic, (2) mixed, and (3) radiolucent. 
Multipe bone involvement may show sim- 
ilar or cissimilar lesions. Sometimes a single 
bone my exhibit more than one tvpe of 
lesion. 
Sclerstic Form. When present in cancel- 
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Frc. 8. Sclerotic Paget's disease of the left innominate 
bone. 


lous bone, this consists of a uniform thick- 
ening of the trabeculae with a consequent 





Fic. 7. Æ series of cortical defects along the lateral 
surface of the femur, representing healed frac- 
tures. Bone covers their periosteal and endosteal 
surfaces. Characteristically, the periosteal new 
bone i- smooth surfaced, whereas the endosteal 
surface is irregular because of bone repair limited 
to the mmediate region of the fracture. 


lic. g. Lateral roentgenograms of the right and left 
calcanei from the same patient. (4) Early active 
stage. Thick bundles organized along lines of stress 
and crossing at approximately right angles super- 
impose upon the generalized radiolucent bone. (B) 
The disease approaches the healed or quiescent 
stage. 
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Fic. 10. (4 and B) Osteoporosis circumscripta of the frontal bone. (C and D) Approximately five years later. 
The advancing margin is sharply demarcated from the normal bone. The meningeal vascular grooves are 
not obliterated as the meningeal surface of the inner table has not been destroyed. 


decrease in the size of the marrow spaces; 
the surrounding cortex is thick and the 
bone is increased in size (Fig. 8). Sclerosis 
is seen frequently in the pelvis, vertebrae, 
clavicles, facial bones, ends of the long 
bones, base of the skull, and bones of the 
wrists, hands, and feet. The ribs, not com- 
monly involved, also may be sclerotic. 

In the long bones, the cortex is thickened 
and dense. The medullary cavity may be 
widened or narrowed, and in some cases 
almost obliterated (Fig. 1). The cancellous 
portions at the bone ends frequently have 
longitudinally thickened trabeculae. In 


some cases, sclerosis of the cortex is asso- 
ciated with the mixed type of involvement 
of the cancellous ends. 

The sclerotic form represents the healed 
or end stages of the disease. The bones ap- 
pear massive and strong, but because of the 
structurally inferior composition are more 
fragile than normal bones. Complete and 
fissure fractures occur but are less common 
than in the other more active forms of the 
disease. Of 27 fissure fractures reported by 
Dickson e al., 23 were in the combined 
form and only 4 in the sclerotic form of the 
disease. 
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Mi-ed Form. This form is the most com- 
mon and may be present in any part of the 
skeleten. The homogeneous cortex is re- 


placed by a cancellous structure consisting 


of thick, wavy bundles. The medullary 
cavity of long bones, although usually 


mzintcining its width, may be widened or 


narrowed (Fig. 3). The trabeculae in the 
directien of the lines of stress are organized 
into th ck tracts, frequently widelv spaced, 
with intervening connective tissue. The 
tracts of bone are exaggerations of the 
stress trajectories seen in normal bones. The 
bores subjected to vertical stress, such as 
the vertebral bodies and the ends of the 
straight long bones, have exaggerated ver- 
tical tracts. In other bones where the dis- 
tribution of forces is more complex, such as 
at the proximal end of the femur, the cal- 
caneus, pelvis, and scapula, the thickened 
trajectories are arranged along the lines of 
stress counteracting the forces of tension 
and com pression (Fig. 5; and 9, 4 and B). 
Thus, two main systems of trajectories 
crossing each other at right angles are ar- 
ranged symmetrically around the neutral 
axis. 

Radiaacent Form. This form is seen most 
frequent y in the calvarium of the skull 
whese it is known as osteoporosis circum- 





Fic. 14 Predominartly destructive Paget's disease 
with some patches of sclerosis in the frontal bone. 
The thickened calvarium is defined peripherally 
by a thin ayer of periosteal bone. Basilar impres- 
sion aas occurred. 





Fic. 12. 


Dense areas of sclerotic bone scattered 
throughout the calvarium are more prominent 
along the inner surface. 


scripta. It represents the destructive stage 
of the disease and, if followed for a suff- 
ciently long period of time, it can be ob- 
served to change to the mixed and sclerotic 
forms. The initial lesion usually begins in 
the frontal or occipital areas, and, over a 
course of years, spreads slowlv to involve 
the entire calvarium (Fig. 10, 4—D). The 
process is usually continuous, extending al- 
most equally to both sides, but it may in- 
volve only one side, or arise as separate foci 
at different locations. The diploé is dimin- 
ished in density and obliterated or con- 
verted to a mesh of fine trabeculae. The 
outer table is thinned from within. The 
suture lines do not hinder progress of the 
disease and are eventually obliterated. The 
interface between diseased and normal bone 
is sharply demarcated with no evidence of 
reactive sclerosis. In time, sclerotic deposits 
of bone are formed at the sites which were 
involved earliest and may advance in the 
same direction and rate as the preceding 
destructive process. In some skulls, the 
normal bone, zones of radiolucency, and 
zones of beginning sclerosis are adjacent to 
each other. The sclerosis is greatest near 
the inner table where it may form a con- 
tinuous layer adjacent to the brain. Other 
irregular patches appearing in the diploé 
are in sharp contrast to the surrounding 
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(A4) Diffuse demineralization of the calvar- 
ium associated with large meningeal grooves. (5) 
Under-exposed roentgenogram to show the smooth 
thin outer table and slightly thickened calvarium. 
'The inner table is relatively dense. 
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rad:olucent fibrous tissue. At this time the 
outer table migrates peripherally as a re- 
sult of bone apposition on the periosteal 
surface and attrition on the diploic surface, 
resulting in a markedly thickened cranium. 
The thin outer subperiosteal layer is al- 
ways present, although it may not be vis- 
ible on the roentgenogram unless a bright 
light is used to view it, or unless the film 
has been underexposed (Fig. 11; and 157). 

As the destructive process subsides, new 
bone forms on the inner surface of the ex- 
ternal bonv plate, eventually replacing the 
connective tissue and producing a thick, 
dense outer table. The disease is then 
quiescent and no further alterations occur 
(Fig. 12). 

Occasionally, the entire calvarium may 
be involved by the destructive process with 


Howard L. 


Steinbach NOVEMBER, 1961 
no evidence of new bone formation visible 
except for a thickening of the calvarium 
from periosteal proliferation. The appear- 
ance may be similar to that of osteopcrosis, 
or mav differ only in the greater thickness 
of the skull. Some cases present a mottled 
radiolucencv.* In 1 case of diffuse demin- 
eralization, the grooves for the meningeal 
vessels were large, possiblv the result of 
large vessels feeding the vascular diseased 
bone (Fig. 13.7). 

In the long bones, extensive destructive 
lesions without evidence of repair is not 
common. Cases have been reported in which 
a cyst-like lesion involved the anterior 
superior part of the tibia^*? or other long 
bones. These lesions are initially spindle 
shaped with the cancellous bone reduced in 





Fic. 14. (4) Normal left tibia. (B) Destructive 
lesion involving the anterior compact bone anc 
the spongiosa of the upper third of the right tibia. 
The compact bone is less dense and zhe almost 


homogeneous shadow is replaced by vertical 
striations, presumably the result of widening of 
the haversian spaces. The lower border is sharply 
demarcated from normal compact bone in the 
shape of a V (arrows). The vertical trabeculae of 
the spongy bone are thickened. 
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density and the homogeneous compacta 
being -eplaced by parallel layers of spongy 
bone. l'he advancing margin is surrounded 
by nomal bone, clearly defined in the form 
of a V Fig. 14, 7 and B). The outer surface 
may ke a thin layer of bone deposited by 
the elevated periosteum. As the lesion 
grows, it retains its V-shape at the periph- 
ery. This configuration differentiates it 
from other types of lytic lesions. 

Paget’s disease begins at one end or both 
ends o^ a long bone and progresses toward 
the other end. By studying the advancing 
edge o the lesion on roentgenograms, one 
can reconstruct the sequence of events lead- 
ing from the active destructive lesions to 
the thick, sclerotic, healed phase. Imme- 
diately adjacent to the normal bone is an 
area of diminished density involving, pre- 
dominantly, the center of the cortex. Longi- 
tudinal striations representing enlarged 
haversian canals are (Fig. 15). 


present 





Fic. 15. Lateral roentgenogram of the femur. The 
destructive, sharply demarcated lesion is seen 
best in the posterior cortex. Vertical striations are 
now visilde in the cortex. 


Paget's Disease 


959 





Fic. 16. Active, progressing lesion of tae distal tibia. 
The margin is sharply demarcated ir. V shape. The 
periosteum has formed a thin layer of bone, ex- 
panding the shaft. The older lesion is situated 
proximally. All stages in the development of 
Paget's disease can be seen with the sclerotic 
healing phase visible at the top of the roentgeno- 
gram. More proximal in the tibia, but not illus- 
trated, the radiolucent tissue beneath the thin 
periosteal layer has been replaced by dense Paget's 
bone. 


Schmorl? observed that this wes the result 
of osteoclastic resorption of the haversian 
canal walls and their subsequent replace- 
ment bv vascular connective tissue. By 
observing the adjacent, more extensively 
involved bone, it 1s apparent that, as the 
lesions approach the periosteum, a thin 
laver of periosteal lamellar bone is formed 
and expansion occurs. A bright viewing 
light is sometimes necessary to see this 
newly formed bone on the roenrgenogram. 
The radiolucent marginal lesion and ele- 
vated periosteal new bone are indicative of 
still active and progressive les ons. With 
healing, as seen farther along the diseased 
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Fic. 17. This patient had bilateral symmetric frac- 
tures involving the lateral cortex of the proximal 
femoral shafts, seen on earlier roentgenograms. A 
residual scar was present in the left femur and the 
fracture in the right femur has some beginning 
endosteal and periosteal callus. Due to the fact 
that the bones were demineralized and had bi- 
lateral symmetric horizontal defects, and that the 
patient had an elevated serum alkaline phospha- 
tase, she was treated unsuccessfully for osteo- 
malacia. It is believed that this disease can be dif- 
ferentiated from osteomalacia because (1) the 
cortical defects involve the lateral surface of the 
femur, the usual site in Paget's disease but not in 
osteomalacia; and (2) the trabeculae along the 
lines of stress are thickened in the left femur. 


shaft, the fibrous tissue becomes converted 
to bone; the periosteal bone thickens from 
within and ultimately is incorporated into 
the thickened cortex (Fig. 16). 

Some cases present a generalized demin- 
eralization of a bone indistinguishable from 
that of osteoporosis. The trabeculae along 
the lines of stress thicken and form promi- 
nent trajectories which are usually more 
pronounced in Paget's disease (Fig. 17) 
than in osteoporosis, although in osteo- 
porosis, too, the trabeculae may be thick- 
ened along the stress lines. Unless roent- 
genograms of other parts of the skeleton 
have been obtained, uncertainty about 
which of the two diseases is present may 
arise. Paget's disease, unlike osteoporosis, 
ordinarily involves only a part of a bone or 
a limited part of the skeleton (Fig. 18, 7 
and B). Both diseases, however, occur in 
elderly people and are frequently associated 
with each other. We have had 2 patients 
with Paget's disease, both of whom also 
had thinning of the parietal bones of the 
skull, a condition probably related to osteo- 
porosis.” 

Vertebrae involved by lytic lesions may 
resemble hemangiomas because of the pres- 
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ence of thick vertical trabeculae. In these 
cases, similar involvement of the neural 
arch, spinous process, and transverse proc- 
esses, or of other bones, is usually present, 
a condition not seen in hemangioma. The 
destruction of bone may be so extensive 
that no trabeculae will be visible within the 
vertebral body (Fig. 19, 4 and B). 

The diffusely demineralized bones of the 
lower extremity, without thickening of the 
cortex, may also resemble those in osteo- 
porosis. One patient with such diffuse 
demineralization of the pelvis and femora 





Fic. 18. (4) The third lumbar vertebra is less dense 
than the adjacent vertebrae. The pedicles are 
partially obscured, particularly on the left. (B) 
Three and one-half years later the typical coarse 
vertical striations of Paget’s disease have appeared. 
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Fic. 19. 


sustained a fracture of the neck of the right 
femur; bone biopsy revealed Paget's dis- 
ease. Roentgenograms of the femur after 
open reduction showed the typical horizon- 
tal defects of the lateral cortical surface 
represeating healed fissure fractures (Fig. 
20, £ and B). These lesions, when present, 
establisa the diagnosis of Paget's disease. 

A severe osteolytic form may occur, fre- 
quently involving only one tubular bone, 
in whick the bone is rapidly destroyed, even 
the corsex disappearing in some areas. Ex- 
pansion and deformity develop with stria- 
tions extending in many directions (Fig. 3). 

It ha. been stated that the articular car- 
tilage isnot involved by Paget's disease.*7:?? 
However, in cases with unilateral involve- 
ment o the pelvis or of the head of one 
femur, -he articular cartilage adjacent to 
the bony abnormality frequently is narrow 
(Fig. 5- On the roentgenogram, the car- 
tilage narrowing usually appears uniform 
throughout and is frequently not associ- 
ated wih hypertrophic changes. It is pos- 


‘A and B) There is almost complete destruction of the fourth and fifth vertebral bodies; this had 
been roted for several years, diagnosed as hemangioma, and treated with roentgen irradistion. The pres- 
ence o typical Paget's disease in the neural arches, attached processes, and in the sacrum, suggesting that 
the de truction was due to this disease, was substantiated by biopsy. 


sible that the narrowing results from ac- 
celerated endochondral ossification with en- 
largement of the bone and replacement of 
part of the deeper layers of cartilage by 
Paget's bone. If this is true iz could con- 
tribute to the elongation of tubular bones. 
Schmorl? observed a similar narrowing be- 
tween the intervertebral disks and adja- 
cent involved vertebrae and at the margins 
of the costal cartilage in Paget's disease as 
well as in osteomalacia and hyperparathy- 
roidism. Others'*:*4 observed the same phe- 
nomenon in acromegaly, where articular 
cartilage proliferation is asscciated with 
subchondral new bone formation. 

Jaws and Teeth. Contrary to the opinion 
of some early investigators,!*?* the disease 
frequently is present in the jaws.? Stafne? 
found it at this site in 23 of 138 cases of 
Paget's disease. The maxilla was involved 
in 20 and the mandible in 3. In 19 of the 23 
cases, the skull also showed abnormality.?? 

The earliest change observec is a demin- 
eralization, which may be uneven, of the 
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lic. 20. (4) Intertrochanteric fracture of the right 
femur associated with diffuse demineralization of 
the pelvis and both femora. Slight thickening of 
the stress trajectories, but this is no greater than 
that seen in some cases of osteoporosis. A biopsy 
of the fracture site at the time of open reduction 
showed Paget’s disease. (B) Roentgenogram ob- 
tained after surgery includes the mid-shaft of 
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bone around the teeth. The trabeculae bear- 
ing the stresses of the teeth may become 
thickened giving a fibrillar pattern. The 
lamina dura disappears and the cementum 
and dentine about the apices of the teeth 
are resorbed.’ Since the cementum is a thin 
shell of modified bone tissue covering the 
dentine of the root and neck of a tooth, it 
Is not surprising that it also is destroyed 
by a disease affecting adjacent bone. In 
some cases, the radiolucent lesions about 
the roots of the teeth resemble apical ab- 
scesses but the teeth are not carious and 
show no evidence of infection (Fig. 21). In 
later stages the bone becomes sclerotic, as 
in other parts of the skeleton, and the 
lamina dura does not reappear. Hyper- 
cementosis replaces the resorptive lesion, 
producing a bulbous enlargement of the 
root of the tooth which may be ankylosed 
to the surrounding bone. 


SUMMARY 

Paget's disease is primarily one of bone 
destruction. In the reparative phase, ex- 
cess bone is formed which produces a char- 
acteristic roentgen appearance. In some 
cases, the long, persistent, destructive 
phase presents problems in roentgen diag- 
nosis, particularly if the disease is diffuse 
and is present in patients who also have 
osteoporosis. The destructive phase of the 
disease can be diagnosed if: (1) the char- 
acteristic fissure fractures or their residual 
clefts are present in the long bones of the 
lower extremities; (2) the margin in com- 
pact bone can be seen to be sharply demar- 
cated and, sometimes, associated with a 
thin layer of subperiosteal new bone; or (3) 
the trajectories formed along the lines of 
stress are thickened. Characteristic de- 
structive lesions frequently are seen in the 
skull and about the roots of the teeth. 

Bone apposition on the convex surface or 





the femur, which was not seen on the preoperative 
roentgenograms. Typical healed Paget’s clefts are 
visible in the lateral cortex below the metallic 
plate. 


VoL. 86. No. 5 


963 





Fie. 21. Sharply demarcated destructive lesions about the roots of several upper teeth. Thick trabeculae of 
the surrounding bone. (Reproduced with permission of the Year Book Publishers, from “Endocrinology 


in Clinical Practice,” 1953, p. 98.) 


the surface subjected to tensile forces pro- 
duces thickening of a bone. This may be fol- 
lowed by resorption resulting in bending of 
the bone without reducing its length. 

The activity of the disease can be assessed 
by its roentgen appearance. 
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EARLY CHANGES IN CHARCOT'S JOINTS* 


By :SADORE KATZ, M.D., JACK G. RABINOWITZ, M.D., and ROMAN DZIADIW, M.D. 
BROOKLYN, NEW YORK 


MHE roentgen appearance of advanced 

- Caarcot’s arthropathy has been well 
documented and presents little difficulty in 
dizgncsis. However, the changes observed 
in the incipient stages of this lesion may 
coastitite a problem in diagnosis for the 
raéiolczist and the clinician. The dificul- 
ties in the diagnosis of the evolving Char. 
cors Joint become self-evident when it is 
rezlized that tabetic arthropathy may de- 
velop es a presenting symptom before other 
sigas aad symptoms of disease of the central 
nervous system are present. Twenty per 
cer t of patients with Charcot’s joints show 
no add tional signs of cranial nerve or spinal 
cord disease, while serologic examinations 
of the blood and cerebrospinal fluid are 
negative in approximately so per cent of 
patients with tabes dorsalis.5 Since treat- 
meat m ay be effective in arresting progress 
of “he cestructive joint lesions, recognition 
of the process in its early stages should con- 
tribute to more satisfactory functional sal- 
vage. Parlier recognition, as in any disease, 
wil ofen spare the patient painful and 
usually fruitless procedures undertaken as 
thecapeatic measures or for the purpose of 
est-blisaing a diagnosis. 

This »aper will discuss the roentgen find- 
ings in early Charcot's arthropathy as noted 
in 5 ceses reviewed by the authors. AL 
though the diagnosis of neurosyphilis was 
established in all but 1 of these patients, 
the roeztgen studies were misleading. 


PATHOGENESIS 


The zctual causative factors in the de- 
velcpment of the articular lesions are not 
establisaed. Charcot believed that the etio- 
loge mechanism was either damage to 
trophic centers in the spinal cord or degen- 


eration of the peripheral nerves. Volkmann 
and Virchow, on the contrary, regarded 
trauma as the major exciting cause. Eloes- 
ser,” seeking to evaluate trauma as the pri- 
mary force, demonstrated that typical neu- 
ropathic Joint disease did not develop if 
only the dorsal roots in laboratory animals 
were severed. If, however, the anesthetized 
joints were subjected to direct trauma, neu- 
ropathic joint lesions were produced. 

It is often stated that the Charcot joint 
is painless.! However, during the early phase 
of joint effusion pain is frequently present.? 
In a study designed to explain the paradox 
of pain in the anesthetic joint, Eloesser? 
thrust pins into experimentally produced 
Charcot's joints in cats. Observing that the 
soft tissues around the joint were extremely 
sensitive, while the bony surfaces and peri- 
ostium were not, he concluded that soft 
tissue distention by the effusion was the 
factor which produced pain. 


EARLY ROENTGEN FINDINGS 


In the early stages of the disease, the 
roentgen findings have been reported as 
those of joint effusion, subluxation, various 
forms of degenerative bone changes and 
spontaneous fractures. Fach change 
may exist separately or in association with 
others. There is no definite chronologic 
order of appearance. Since severe Charcot's 
arthropathy may develop within several 
weeks, roentgen studies may not be done 
early enough to record incipient changes.* 
However, most cases progress slowly and in 
these the roentgen signs of early lesions are 
most apt to be observed; the roentgen in- 
terpretation must be accurate inasmuch as 
it may provide the only clue to the presence 
of the process. 


* F-om tke Departments of Radiology of The State University of New York, Downstate Medical Center, Kings County Hospital 
Center, and the Veterans Administration Hospital, Brooklyn, New York. 
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JOINT EFFUSION 


Joint effusion is a common early 
change.1-1°18.14 [t may occur spontaneously 
or following a slight trauma and it varies 
from a mild hydroarthrosis to one of mas- 
sive proportions (Fig. 1). Distention of the 
joint with separation of the articular sur- 
faces is seen. The bony contours remain 
regular and well defined. Aspiration of the 
fluid is invariably followed by recurrence. 
A characteristic of this effusion is its chron- 
icity and persistence.!° The effusion is at- 
tributed to simple transudation from the 
vessels. Trauma, enhanced by impaired 
sensory perception, may result in hemor- 
rhage into the joint, adding to the volume 
of an effusion. 

An actual increase in the mucin content 
of the synovial fluid may be found. This 
is associated with proliferation of the syno- 
vial cells and is followed by hyperplasia and 
thickening of the joint capsule. The cap- 
sule may become extremely thick and 
bulky, retaining a large amount of fluid. 
Capsular rupture may ensue.* 


Case 1. A fifty-two year old Negro female was 
hospitalized because of pain, numbness and 
tingling of the lower extremities and difficulty 
in walking of eighteen years’ duration. Approxi- 
mately twenty-five years earlier she had been 
treated for syphilis. Neurologic examination re- 
vealed tabes dorsalis and serologic studies of 
the blood and spinal fluid were positive for 
syphilis. There was swelling and crepitation of 
the right knee joint. 

The initial roentgenogram was interpreted as 
showing minimal “hypertrophic” changes and 
extensive joint effusion (Fig. 14). Two days 
later there was marked increase in the effusion 
and enormous distention of the joint. The pa- 
tella was markedly displaced by the effusion 
and there was slight medial subluxation of the 
femur on the tibia (Fig. 1, B and C). Re-exam- 
ination five years later demonstrated a typical, 
advanced Charcot’s joint (Fig. 1D). The pa- 
tient had refused arthrodesis when first seen 
and had not returned for further treatment. 

Comment. Although the clinical findings in 
this patient were readily recognized as those of 
tabes dorsalis, the roentgen changes were inter- 
preted as those of hypertrophic osteoarthritis. 
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The significance of marked effusion into the 
joint was not appreciated. 


SUBLUXATION 


Subluxation is probably related to gen- 
eralized muscular hypotonia. With loss of 
synergistic reflexes and sensory loss, the 
muscles and ligaments remain the sole fac- 
tors in the maintenance of joint alignment 
and stability. When they become over- 
stretched, subluxation takes place. Effusion 
also contributes to the development of 
subluxation by stretching the ligaments, 
which become increasingly relaxed. Ab- 
normal joint alignment takes place (Fig. 1, 
B and C). This in turn results in faulty 
weight bearing with excessive stress upon 
the articular surfaces and is followed by de- 
structive changes. 


Case 1I. A fifty-three year old white male was 
treated for tabes dorsalis in 1939. Roentgeno- 
grams of the left knee revealed mild joint effu- 
sion with no abnormality of the bony architec- 
ture or joint surfaces (Fig. 24). Seven months 
later there was a decrease in the height of the 
joint space at the medial aspect, sclerosis of the 
tibial articular surface, and increased joint effu- 
sion (Fig. 2, B and C). Fourteen months later 
there was further loss in stature of the joint 
space and increased sclerosis of the articular 
surfaces of the tibia and femur; amorphous, 
dense, calcific debris representing typical ad- 
vanced disease were present in the joint space 
and the joint effusion had become even greater 
(Fig. 2D). 

Comment. This case illustrates the more 
slowly developing type of Charcot's joint. Here 
the lesion in its early evolution cannot be dis- 
tinguished roentgenologically from hypertrophic 
osteoarthritis. 


BONE CHANGES 


'The osseous changes in the neuropathic 
joint are similar, pathologically, to hyper- 
trophic osteoarthritis. In fact, some au- 
thors even deny the existence of a true 
neuropathic joint, maintaining that this is 
but a severe form of osteoarthritis. Since 
Charcot's joint occurs in those age groups 
in which hypertrophic osteoarthritis is also 
widely prevalent, the differentiation of the 
lesions may be very difficult. The problem is 
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Fic. 1. Case 1. (4) The initial roentgenogram shows minimal “hypertrophic” changes and extensive joint 
effusion. (B and C) Two days after 4 there is marked increase in the effusion with enormous distention of 
the join. The patella has been markedly displaced by the effusion and there is slight medial subluxation 
of the femur on the tibia. (D) Typical advanced Charcot’s joint five years later. 
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fu-the- complicated by the fact that both 
diseases may be present simultaneously. 

Microscopically, also, neurotrophic 
changes resemble those of osteoarthritis. 
There is degeneration and partial disap- 
pearance of the articular cartilage. The 
collagenous fibers are exposed and show 
fibeilla ion. Granulation tissue in the form 
of a pennus grows over the articular car- 
tilzge, eventually invades it, and begins to 
absorb it. In the neuropathic joint this 
paanus is more active and profuse than it is 
in osteoarthritis, When areas of cartilage 
are full» destroyed, the exposed bone begins 
to prolFerate and produce new bone. This is 
a react vation of the process of endochon- 
dral bcne formation which takes place in 
growing bone, and it accounts for the roent- 
gen firding of sclerosis beneath surface 
defects. At the periphery of the joint this 
act ve bone formation gives rise to marginal 
osteophs tes.*:? 

E'orwitz? observed that bone and carti- 
lage deoris are ground into the synovial 
membrane early in the 
Ch: rcor's joint. This feature of the micro- 
scopic pathology of the disease enabled him 
to establish the diagnosis in § patients in 
whem there were no definite clinical or 
roertger findings of neuroarthropathy. 
Sim lar microscopic findings were present 
in 1« cases of advanced tabetic arthropathy, 
wheceas in a control series of 30 joints in- 
volved »y other types of arthritis there 
were on y 2 instances in which bone and 
cartlage debris were found in the synovial 
mer braae, both of the latter being far ad- 
vanced csteoarthritic lesions. Horwitz? thus 
concuded that this histologic finding in- 
dica'ed aeuroarthropathy, and was par- 
ticularly useful in recognition of the early 
lesion ard its differentiation from other 
types of joint disease. 
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Roentgenologically, diffuse sclerosis may 
be the earliest finding (Fig. 5.4). The bony 
trabeculae are obscured and a slight in- 
crease in bone density is evicent.^? These 
changes are attributed to deposition of 
calcium within the interstices of the bone.! 
When the articular cartilage is destroyed, 
irregularities and erosions of the bony 
cortex are seen (Fig. 34 and 4.7). Irregular, 
patchy areas of sclerosis may then become 
evident. The early osteophvtic formations 
in Charcot's joint are said to differ from 
osteoarthritic spurs only by taeir unsharp 
outlines and rounded fuzzy margins, which 
tend to merge with the surrounding soft 
tissues." They present a somewhat bizarre 
appearance and may attain enormous size 


and break off. 


Case m. A fifty-seven old white male was 
hospitalized because of an incapzcitating limp 
of the lower extremity and pain in the left hip. 
Five years previously he had been treated for 
syphilis. Serologic studies of the blood and 
spinal fluid were consistently negative for 
syphilis, although physical examination showed 
tabes dorsalis. Roentgen study on admission re- 
vealed moderate sclerosis of the acetabulum 
and an early destructive lesion of the head of 
the right femur (Fig. 34). The left hip was al- 
ready extensively destroyed, presenting typi- 
cal roentgen findings of Charcot's arthropathy. 
Re-examination during a second admission five 
months later showed advanced destruction of 
the right femoral head characteristic of late 
Charcot's neuroarthropathy (Fig. 3B). 

Comment. The lesion in the right hip, repre- 
senting inciplent Charcot's disease, was indis- 
tinguishable in its roentgen appearance from 
hypertrophic osteoarthritis. Despite character- 
istic findings of severe Charcot's arthropathy in 
the left hip, the initial changes of a similar le- 
sion in the right hip were regarded as "degen- 
erative.” Attention was focused on the severely 
damaged left hip to the neglect of the right 
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Fic. 2 Cae n. (4) Roentgenogram of the left knee reveals slight joint effusion. The bony architecture and 


joie sursaces are normal. (B and C) Seven months later there is a decrease in the height cf the medial 


aspect ofthe joint space and slight sclerosis of the tibial articular surface. The joint effusion has increased. 
These changes are indistinguishable from those of hypertrophic osteoarthritis. (D) Fourceen months 
late: there is further reduction in the joint space and increased sclerosis of the articular surfaces of the tibia 
and fem, Dense amorphous calcific debris is present in the joint space indicating advanced disease. The 


join: effu.ion has also increased considerably. 
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which, thereafter, became almost totally de- 
stroyed within a five month period. The patient 
offered no complaints regarding his right hip. 
These changes illustrate the early roentgen 
findings in the evolving Charcot’s joint. 


Case 1v. A fifty-six year old white male was 
hospitalized for treatment of hypertensive heart 
disease and congestive heart failure. Diagnostic 
studies included a roentgenogram of the abdo- 
men which revealed an abnormality of the 
right hip. Further roentgen study disclosed nar- 
rowing of the joint space, sclerosis of the acetab- 
ulum and cyst-like areas of radiolucency and 
mottled areas of sclerosis producing deformity 
of the femoral head and neck (Fig. 4.7). The 
findings were interpreted as those of osteoar- 
thritis. The patient had no complaints referable 
to the right hip and he was discharged after re- 
covery from his congestive heart failure. 

Re-examination four months later, when the 
patient was readmitted primarily for a com- 
plaint of pain in the right hip area and weakness 
of the right lower extremity, revealed advanced 
destruction of the femoral head and consider- 
able calcific debris in the distended joint space 
(Fig. 4B). On the basis of these roentgen find- 
ings zhe diagnosis of Charcot's joint was sug- 
gested, although there was no supporting evi- 
dence in the history, physical findings or labora- 


I. Katz, J. G. Rabinowitz and R. Dziadiw 


NoveMBER, 1961 





Case i11. (4) Roentgen study of the right hip reveals moderate sclerosis of the acetabulum and an 
early sclerotic lesion in the head of the right femur. (B) Re-examination five months later reveals severe 
destruction of the femoral head. The amorphous calcification within the joint space and the dense bone 
sclerosis of the involved femoral head are characteristic of the late changes in Charcot’s joint. 


tory studies. Numerous examinations of the 
blood and spinal fluid and repeated neurologic 
examinations failed to provide evidence of syph- 
ilis. In an effort to establish a diagnosis and 
rule out neoplasm, two surgical biopsies were 
performed but neither revealed the true nature 
of the lesion, 

Two years later the patient had a spontane- 
ous fracture at the proximal intercondylar por- 
tion of the right tibia. This was entirely unre- 
lated to trauma or sprain, was painless and was 
manifested by severe ecchymosis of the leg and 
knee. Until roentgenograms disclosed the frac- 
ture, the lesion was diagnosed as a “local sub- 
cutaneous hemorrhage probably due to blood 
dyscrasia.” Finally, after a period of more than 
two years from onset of the articular lesions, 
the diagnosis of syphilis in this patient. was 
established by tests for Treponema pallidum. 

Comment. This case illustrates the elusive na- 
ture of the diagnosis of Charcot’s joint in its in- 
cipient phase. Early, the lesion simulated the 
commonly observed roentgen findings of hy- 
pertrophic osteoarthritis. Later, even charac- 
teristic roentgen findings of neuropathic joint 
disease were not recognized because of lack of 
historical, clinical or laboratory evidence of 
syphilis. Finally, a spontaneous fracture was 
interpreted clinically as a local hemorrhagic 
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Fic. 4. Case 1v. (4) Roentgenogram of the right hip shows narrowing of the joint space, sclerosis of the 
acetabulum and cyst-like areas of radiolucency with mottled areas of sclerosis producing deformity of the 
femora. head and neck. These changes were interpreted as due to osteoarthritis. The patient had no 
complamts referable to the right hip area. (B) Roentgenogram of the same hip four months later, when 
patient was readmitted primarily for a complaint of pain in the right hip and weakness of the right lower 
ex:remry, reveals advanced destruction of the femoral head and considerable calcific debris in the dis- 
tended oint space. On the basis of these findings the roentgen diagnosis of Charcot's joint was suggested 
a thougn there was no supporting evidence in the history, physical findings or laboratory studies. 


ma fest.tion of a blood dyscrasia and, even 
whea th- fracture was demonstrated, it was 
not mmediately associated with the coexisting 
Charcot’. joint. 


C.se v. A fifty-six year old white male was 
known tc have acquired syphilis in 1917 but he 
recewed 20 treatment until 1932, when he was 
giver malarial therapy. In 1956 he was hos- 
pitahzed because of weakness of both legs and 
difficalty in walking of three months’ duration. 
Neusologc examination revealed tabes dor- 
salis. Laboratory studies of the blood and 
spinel flud were positive for syphilis. Roent- 
genograpaic study revealed marked narrowing 
of the d&k space between L-2 and L-3 with 
sclerssis cf the proximal portion of the body of 
L-3 and the adjacent portion of L-2 (Fig. 54). 
Twe and one-half years later there was marked 
destractien of the apposing surfaces of the ver- 
tebrzl bcdies with beginning development of 
large osteophytes (Fig. 5, B and C). 

Conmezt. Despite recognition of the classic 
clinical sgns and symptoms of tabes dorsalis, 
the carly changes in the lumbar spine were re- 
garced a. “disk injury or degeneration with 
secandary arthritic changes." The later changes 
were attr buted to osteomyelitis of the spine 
with spinal cord involvement. As visualized in 


the initial study, the changes were entirely con- 
sistent with degenerative disease of the inter- 
vertebral disk. However, the roentgen appear- 
ance of the lesion two and one-half years later, 
while by itself suggestive of infectious process, 
could hardly have been interpreted as such in 
view of the earlier studies which in no manner 
suggested incipient spinal osteomyelitis. 


SPONTANEOUS FRACTURES 


Charcot himself first noted the frequency 
of spontaneous fractures in tabes dorsalis. 
Sudden fracture is often the first sign of the 
disease." A fracture may occur without 
preceding articular changes and prior to the 
onset of neurologic manifestations. 1! 
Typically, these fractures occur in or near a 
joint with predilection for the femur; the 
tibia, fibula, radius and ulna follow in order 
of decreasing frequency. Characteristically, 
these fractures are transverse, in contrast 
to the oblique and spiral fractures which 
follow ordinary trauma (Fig. 64). With 
good immobilization the fractures may heal 
well. However, adequate immobilization is 
usually difficult to achieve because of the 
neurologic lesion.? 


Chemical analysis of the osseous material 
in the fracture site has demonstrated an 
actual increase in the inorganic salts. On 
the other hand, a deficiency of the organic 
substance has also been observed. Thus, 
excessive deposition of calcium salts within 
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liG. 5. Case v. (4) Roentgenogram shows 
marked narrowing of the disk space be- 
tween L-2 and L-3 with sclerosis of the 
apposing articular surfaces of L-2 and 
L-3. These changes mimic those of disko- 
genic disease. (B and C) Two and one- 
half years later there is marked destruc- 
tion of the vertebral bodies with exuber- 
ant osteophytosis. 


a poorly developed matrix results in in- 
creased brittleness of the bone." 


Case vi. A fifty-six year old white male was 
treated for syphilis in 1952. Two years later he 
developed severe “shooting” pains in the lower 
extremities and difficulty in walking. Two 
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Fic. 6. Case vr. Roentgenogram made eight days 


fokowirg hospital admission reveals a com- 
mmuted, transverse fracture of the proximal end 
of zhe t bia with depression of the medial plateau. 
This type of transverse fracture, occurring spon- 
tareous'y or with relatively minor trauma, is char- 
acverist c of Charcot's joint. 


year after the onset of these symptoms, his 
right leg gave way suddenly and spontaneously 
and he was admitted to the hospital ten days 
laterwith a swollen and painful right knee. 

Roentgen study performed after the patient 
had keen in the hospital for eight days (eighteen 
days after the initial episode) disclosed a com- 
minated, transverse fracture of the proximal 
end «f the tibia with depression of the medial 
plateau (Vig. 6). Surgical fusion was performed. 
Bloed and spinal fluid remained positive for 
syph lis. 

Crnment. Although this patient presented 
with a history, physical signs and symptoms of 
tabes dorsalis, the swelling of the knee joint 
following a simple twisting injury was diag- 
nosec as thrombophlebitis and treated with hot, 
moist applications and antibiotics. It was not 
until more than a week after admission that 
roemtzen examination disclosed a fracture 
whick had not been suspected clinically. Even 
then che fracture was not recognized as a mani- 
festadion of tabetic neuroarthropathy. During 
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his hospital stay the lancinating pains in the 
right lower extremity were attributed to the 
fracture, although they were recognized later as 
a symptom of the neurologic lesion. Although 
this patient had had severe pains in doth lower 
extremities, nevertheless there was continued 
reluctance to classify the fracture of the right 
tibia as a Charcot's joint. Even the operation 
for joint fusion was done primarily to control 
pain, an end which could not be achieved by 
surgical arthrodesis since the pains were of 
central nervous system origin. 


SUMMARY 


In 6 patients roentgen findings repre- 
senting early changes of Charcot’s neuro- 
arthropathy were observed to be: (1) per- 
sistent Joint effusion; (2) minimal subluxa- 
tion; (3) degenerative changes of bone 
manifested by bone sclerosis, erosion and 
destruction which were difficult to differen- 
tiate clinically and roentgenologically from 
osteoarthritis; and (4) spontaneous fracture 
unrecognized clinically. 

These changes may occur prior to any 
other clinical or laboratory manifestations 
of the disease and may masquerade as 
other lesions of the joints. They are par- 
ticularly likely to remain unrecognized as 
manifestations of Charcot's neuroarthro- 
pathy. 


Isadore Katz, M.D. 
Department of Radiology 
State University of New York 
Downstate Medical Center 
450 Clarkson Avenue 
Brooklyn 3, New York 
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CERVICAL DISCOGRAPHY* 


By RALPH M. STUCK, M.D. 


DENVER, COLORADO 


y!SCOG RAPHY is a method of intro- 
ducing radiopaque material directly 
inte a disc preceding the roentgen study. It 
is rtlatively new, the first experience being 
recerded in 1932 by Schmorl and Jung- 
harms.’ Their report was concerned with 
lumbar disc injections, which today are 
rou^ne procedures in many parts of the 
country. Cervical discography, however, 
was not attempted until Smith and 
Nicsols^? and Cloward! performed it many 
yea:s later. 


ROZNTGEN STUDY OF THE CERVICAL SPINE 


P-evrously, roentgen study of the cervical 
spire was limited to routine roentgenog- 
raphy and visualization of the dural sac 
by myelography. Cervical myelography, 
first carzied out with lipiodol and later with 
pancopaque, has both advantages and 
hazards. The advantages are these: it can 
be accomplished quickly by fluoroscopy 
and roentgenography ; most of the opaque 
meum can be removed following the ex- 
amiaation; it can be repeated many times; 
spixl cord tumors or other obstructing 
lesicns f the spinal pathway are easily 
identified, and medial or lateral disc pro- 
trusons can frequently be demonstrated. 
Theæhief hazard is that the pantopaque oc- 
casienal y escapes into the cranial cavity 
and. once 1t reaches the cranial subarach- 
noid space, it is rarely eliminated. The pos- 
sibil cy cf adverse effect on the central nerv- 
ous system then may remain indefinitely. 
Too, this method frequently leads to both 
false positive and false negative delinea- 
tione of extradural lesions. The neuro- 
surgzon may consequently perform an un- 
warranted operation or fail to operate when 
it Ig Necessary. 
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CLINICAL FEATURES 

When one realizes the number of neuro- 
logic syndromes—from amyotrophic lat- 
eral sclerosis to hvsteria —that zhe neck and 
cervical spine can mimic, the necessity of 
our search for another techn: que—neuro 
logic, roentgenographic, or otherwise—to 
assist in clarifving the diagnesis becomes 
apparent. 

When the central nervous system is in- 
volved by neck injury or disease in such a 
way that the examination clearly identifies 
the location, extent and character of the 
lesion, the problem is simple. But the 
neurologic examination, valuable as it is, 
is usually inadequate bv itself to establish 
a diagnosis that warrants surgical explora- 
tion of the neck. False negat ve or false 
positive roentgen evidence asscciated with 
indefinite neurologic findings further com- 
plicates the already difficult diagnosis. 

A busy neurologist or neurosurgeon who 
does not thoroughly pursue the complaints 
of a partially or totally disabled patient 
who has few objective symptoms may con- 
clude, despite the many complaints, "I 
can find no neurologic evidence of cervical 
spine or neck injury or disease." Had he 
pursued the patient's complaints more dili- 
gently, he might have discovered the nature 
of the injury or disease. This patient's pain, 
although it cannot be seen, is real and the 
muscle spasm and muscle tenderness usu- 
ally accompanying it certainly indicate a 
disorder involving the nervous system and 
may indicate a neck injury or a disease and 
its extent. 

All the structures about a cervical disc 
may be affected by injury or disease. Each 
type of injury or disease has a separate and 
distinct pattern of symptoms. Not only 
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may the spinal cord and the peripheral 
nerves in the neck be affected, but the 
intrinsic nerve supplv to the bones, liga- 
ments, muscles and blood vessels mav also 
be involved. When the latter occurs, these 


structures become painful irrespective of 


injury to the nearby spinal cord and periph- 
eral nerves. 

'The muscle tenderness, pain and spasm 
frequently present with any joint injury 
may extend for a distance both proximal 
and distal to the painful joint. Since the cer- 
vical intervertebral space is a joint, being 
composed of an annular ligament, central 
nuclear structures, and cartilaginous plates 
upon the vertebral bodies, it too may be 
the source of muscle tenderness, pain and 
spasm. 

In spite of a consistent pattern of symp- 
toms identifying the pathologic lesion in 
the cervical spine, physical findings and 
those of routine roentgenography and even 
myelography may be so meager that they 
cast doubt as to its presence. An additional 
method of survey which will pinpoint the 
pathologic process is often necessary, and 
we have found it in discography. 


TECHNIQUE OF CERVICAL DISCOGRAPHY 


Discography (Fig. 1), in contrast to 
myelography, is an accurate method ot 
evaluating disc derangement. It not only 
reveals the disc pathology and its extent in 


detail but it reproduces the symptoms of 


the patient so that the operator may com- 
pare them with the original complaints. In 
contrast to any other method available at 
this time, it has demonstrated the highest 
degree of accuracy in identifying the symp- 
tomatic pi athologic disc or discs. 

To inject a cervical disc, a kit of equip- 
ment containing these items is used: three 
20 gauge 3 inch needles for making the 
neck puncture, three 33 inch 26 gauge 
spinal needles to inject the disc, two 1 cc. 
Luer-Lok tuberculin syringes to inject the 
radiopaque substance into the disc, and one 
2 cc. syringe with a hypodermic needle to 
inject the local anesthetic. 

After the skin of the neck is cleansed 
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AXN NEEDLE 


Fic. 1. Drawing showing the needle in 


place for discography. 


and antiseptic has been applied, local 
anesthetic is injected into the skin on the 
side of the neck. The operator palpates the 
medial border of the sternomastoid muscle 
and the carotid artery with his left index 
finger; the tip of this finger 1s then passed 
beneath the trachea and esophagus until the 
anterior surface of the vertebral column is 
felt. At this point, if osteophytes are pres- 
ent on the anterior and anterolateral bor- 
ders of the vertebrae, thev can be palpated, 
and their presence assists in identification 
of the disc or discs to be injected with the 
opaque medium. 

A needle is inserted into each disc under 
suspicion until the condition of that disc is 
ascertained; this is done by passing the 3 
inch 20 gauge needle along the left index 
finger and through the skin and deep struc- 
tures until it touches a vertebral bodv or 
the annulus of a disc. If the operator feels 
the point of the needle touch the vertebra, 
he confirms this finding by gently tapping 
the needle with his finger. The soft tissues 
are then released and are allowed to "climb 
back” on the needle. This encounter of the 
vertebral body with the needle causes the 
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patient to experience deep pain in his neck 
at the site of the needle. As the needle is 
"walked" along the vertebrae, each step 
causes pain locally in the neck until the 
anaulus of a disc is encountered. Whether 
the annulus of the disc is encountered 
be ore or after the vertebral body, the pa- 
tieat experiences pain in the shoulder blade 
on the same side.* The operator is assured 
thzt the needle is in the annulus of the disc 
by the evidence of the spread of pain to the 
scepular area. 

The 25 gauge spinal needle is then passed 
through the 20 gauge needle to the center 
of -he disc. As soon as the 26 gauge needle 
is risertzd, an anteroposterior and a lateral 
roentgenogram of the cervical spine are 
taken te establish the identitv of the disc 
injected and the position of the point of 

* Zlowarc? has recently reported that the sensory nerve supply 
to the annulus is by way of the sinuvertebral nerves. These nerves 
inne vate tke annulus of the discs in a segmental and unilateral 


mamer. The area of skin reference of the annulus is along the 
vert. bral berder of the scapulae. 


. (47) Anteroposterior and (B) lateral roentgenograms taken to establish the identity of the disc and the 
position of the needle. 


the needle (Fig. 2, Æ and B). If the needle is 
not in the proper location, it must be shifted 
and another pair of roentgenograms taken. 
At times it may be necessary to do this 
repeatedly before the position is perfected. 

A 1 cc. Luer-Lok tuberculin svringe is 
filled with so per cent hvpaque, the stylet 
is removed from the 26 gauge spinal needle 
and the syringe is connected to it. Slowly 
the hypaque is injected. In a normal disc, 
resistance is felt after the injection of o.2 
to 0.3 cc. of hvpaque and this resistance 
stops the injection, the patient experiencing 
only a moderate amount of neck and shoul- 
der pain. But pathologically deranged 
discs will accept from 0.5 to 1.5 cc. of 
hypaque, and the patient will usually ex- 
perience immediate extreme pain, numb- 
ness and weakness in the head, neck, 
shoulders, arms and hands. 

Because this opaque medium is diffused 
and absorbed rapidly, the roentgenograms 
must be taken quickly. The regular roent- 
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Fic. 3. (4 and B) The disc may be normal with opaque medium concentrated centrally in a globule. 





Fic. 4. The disc may be deranged only in 
an anterior portion. 


genographic table with the Bucky dia- 
phragm attached has proved satisfactory. 
In this case, the lateral roentgenogram is 
usually taken with a grid; the head unit 
is ideal for this work because it can be 
rotated about the neck. 

The greatest amount of information is 
obtained by taking anteroposterior, lateral 
and oblique roentgenograms of the cervical 
spine. Additional disc injections should be 
carried out separately in order to prevent 
the pathologic findings on the roentgeno- 
grams from overlapping. 

RESULTS 

The purpose of discography is to visu- 
alize the derangement of a disc by a 
roentgen study of the route of the opaque 
medium through the disc, with particular 
reference to its point of concentration, the 
place of its extrusion through the torn an- 
nulus and its further spread into the sur- 
rounding soft tissues. When the patient ex- 
periences a recrudescence of pain, numb- 
ness and weakness during the injection, we 
have identified the symptomatic deranged 





Pic. 5. The derangement may be unilateral. 


disc. Damage to the disc can then be esti- 
meted and surgical therapy planned. 

[he ciscographic survey may reveal any 
on? of taese conditions: (1) the disc may be 
no-mal with the contrast material concen- 
trated centrally in a globule (Fig. 3, Æ and 
By; (2) the disc may be deranged only in 
an anterior portion (Fig. 4); (3) the de- 
rargement may be unilateral (Fig. 5); (4) 
the entre disc may be severely deranged 
(Fx. 6); (5) the annulus of the disc may 
be torn loose from its attachment to the 
vertebral body (Fig. 7); (6) the annulus 
may be torn posteriorly or laterally and 





Fic 6. The entire disc may be severely deranged. 
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Fic. 7. The annulus of the disc may be torn loose 
from its attachment to the vertebral body. 


allow the opaque medium to soill into the 
adjacent soft tissues (Fig. 8); (7) disc protru- 
sion may be present in the midline anterior 





Fic. 8. The annulus may be torn posteriorly or 
laterally and allow the opaque mecium to spill 
into the adJacent soft tissues. 





Fic. 9. Disc protrusion may be present in the mid- 
line anterior to the spinal cord. 


to the spinal cord (Fig. 9); or (8) in the 
oblique views disc protrusion mav be seen 
in the nerve foramen (Fig. 10, Z and B). 

Ir addition, these anatomic structures 
may be identified: (1) the anterior longi- 
tudinal ligament (Fig. 11); (2) the posterior 
longitudinal ligament. (Fig. 12); (3) the 





Fic. 10. (4 and B) In the oblique view 
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Fic. 11. The anterior longitudinal ligament. 


joints of Luschka (Fig. 13); (4) the verte- 
bral cartilage plate (Fig. 14); (5) the dura 
and epidural space (Fig. 15); (6) the peri- 
neural space and nerve root (Fig. 16); and 
(7) the vertebral artery (Fig. 17, £ and B). 


s, disc protrusion may be seen in the nerve foramen. 
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lic. 14. The vertebral cartilage plate. 


Cervical discography is accomplished 
more easily than cervical myelography and 
with greater safety. It delineates the normal 
Fic. 2. The posterior longitudinal ligament. and the deranged disc so accurately that 
the type and extent of disc cerangement 
can be seen in detail and the need for disc 

Disc graphy, by demonstrating roent- excision can be readily established. 
genogrephically the internal structures of 
a disc, identifies both the normal disc and 
the deranged disc. 





SUMMARY AND CONCLUSIONS 





Fic. 13. The joints of Luschka. Fic. 15. The dura and epidural space. 
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cord and causes the patient’s symptoms to 
be reproduced. This evidence assists the 
surgeon in identifying the pathologic disc 
needing treatment. 

Cervical discography has thus proved to 
be a major adjunct to the routine roent- 
genographic study of the cervical spine. 


1825 Gilpin Street 
Denver 18, Colorado 


REFERENCES 


1. CLowanp, R. B. Cervical diskography; tech- 
nique, indications and use in diagnosis of rup- 
tured cervical disks. Am. J. ROENTGENOL., RAD. 
Tuerapy & NucLEAR MED., 1958, 79, 563-574. 

2. CLowanp, R. B. Cervical diskography; contribu- 
tion to etiology and mechanism of neck, 
shoulder and arm pain. Ænn. Surg., 1959, 150, 
1052-1064. 

3.%Scumor., G., and Juncuanns, H. Die gesunde 
:und kranke Wirbelsäule im Róntgenbild. 
Fortschr. a. d. Geb. d. Rüntgenstrahlen, Ergán- 
zungsband 43, Georg Thieme, Leipzig, 1932. 

4. Smiru,"G. W., and Nicnors, P., Jr. Technic of 
cervical discography. Radiology, 1957, 68, 718- 
720. 


Injection afe dise irnifates tha eroe 5. SMITH, G. W. Normal cervical diskogram; with 
clinical observations. Am. J. ROENTGENOL., 


supply to the disc, the adjacent nerve Rap. Tuerapy & NucLear MED., 1959, 87, 
roots and, occasionally, the nearby spinal 1006-1010. 





Fic. 16. The perineural space and nerve roots. 





Fic. 17. (4 and B) The vertebral artery. 


ISOINTENSITY PATTERNS OF SCATTERED 
RADIATION AROUND A MIRROR OPTIC 
PHOTOFLUOROGRAPHIC UNIT* 


By JACK M. MORGAN, B.S. 


AUGUSTA, GEORGIA 


\ ITH the development in the last few 
years of the much faster mirror optic 
cæneras for photofluorographic procedures, 
exposure dosages to patients have been 
re licec so that they more closely approach 
th» amounts obtained from conventional 
chest reentgenography. These newer cam- 
eras alo play an important role in the 
pratect.on of technical personnel. An inves- 
ticetior of the scattered radiation around 
a x ode-zn photofluorographic unit contain- 
ing a mirror optic system has been carried 
out; it shows a considerable reduction com- 
paced with previously published results 
wl en leas type cameras were emploved.!^? 


ZQUIPMENT AND PROCEDURE 


Ladi-.tion measurements were made 
aroind a 70 mm. straight hood (type 
X-70S)  Fairchild-Odelca camera. The 
working aperture is f.o.8. The camera and 
roeatgea-ray tube are supported as one 
single unit so that vertical movement of one 
res lts m the same movement of the other. 
Tke colimation of the primary beam was 
ali aed by placing roentgen-ray films at the 
cayera surface 40 inches from the target. 
Exposures made in this fashion permitted 
correction of an original malalignment and 
ensared that the primary beam was con- 
finzl tc the fluoroscopic screen surface of 
the camera and hood. 

The »osition of the chest survey unit 
in tae relatively small lead lined examina- 
tior roem is demonstrated diagrammati- 
cally in Figure 1. The equipment is con- 
trcled from behind a protective barrier 
locted n one corner of the room. The tube 
is 7percted at go kv. peak and 150 ma. 
wi a the exposures phototimed. The roent- 
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MILLIROENTGENS PER 


100 EXPOSURES 


Fic. 1. Isointensity curves, indicating the distribu- 
tion of scattered radiation around a mirror optic 
photofluorographic installation. 


gen-ray beam is filtered with 2.5 mm. of 
aluminum. The film used is Kodak Photo- 
flure, PFG 469, green sensitive. 

Measurements were made with Victo- 
reen Model 362 pocket ionization chambers 
and with a .o25 r Victoreen chamber. The 
pocket chambers were selected for non- 
leakage and a linear response of from o to 
200 mr; they were found to be accurate 
within 2 per cent of full scale when tested 
with a standard radium source. 

Figure 2 illustrates the arrangement of a 
number of chambers. The small chambers 
were spaced at 6 inch intervals on a port- 
able stand. This stand was readily moved to 
various positions throughout the room. It 
allowed a large number of measurements to 
be made simultaneously. The active vol- 
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Fic. 2. An adjustable stand holds pocket ionization 
chambers near a 70 mm. straight hood photo- 
fluorographic unit. 


umes of the chambers were adjusted to the 
same plane as that of the horizontal beam 
during each exposure. Measurements of 
scattered radiation were obtained both 
from patients and from a tissue equivalent 
masonite phantom. The phantom gave an 
exposure equivalent to that of a patient 
with a chest measurement of 22 cm. at the 
nipple line. Most of the measurements 
carried out for the isointensity patterns 
were obtained using the phantom. From 
measured points of equal intensity, isodose 
curves were constructed and are shown 
superimposed on the room layout (Fig. 1). 
The curves are expressed in milliroentgens 
per 100 exposures. 


DISCUSSION 


Morgan and Lewis! working with a 35 
mm. camera and Van Allen? employing 70 
mm. cameras, all of the lens tvpe, have 
published isodose curves for such installa- 
tions. Our isointensity patterns show a 
reduction in scatter of major degree. Al- 
though the phantoms that these investiga- 
tors used were in each instance equivalent 
to a patient 2 cm. larger in chest diameter 
than ours, this is not considered to be a 
significant factor. Undoubtedly, the faster 
present day films do play a part in the ob- 
served differences, but the major change is 
related to the difference in camera speeds. 

The experiments also differ in the sizes 
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of the rooms used. Our data were accumu- 
lated in a room one-seventh the size of the 
rooms of the other investigators. Therefore, 
our measurements include backscatter from 
the walls to a much greater degree. 

If one selects random points at equal dis- 
tances from the equipment, the reduced 
scatter using the mirror optic camera is im- 
pressive. Table 1 compares the scatter at 


Tape I 
SCATTERED RADIATION USING DIFFERENT PHOTO- 
FLUOROGRAPHIC CAMERA SYSTEMS 
(in mr/ 100 exposures) 











Lens Mirror 
Optics Optics 
Points of —— — L—- -—- 
Measurement Morgan Present 
and Lewis Van Allen? Authors 
A 70 250 14 
B 40 IIO 14 
G 320 350 150 
D 80 200 40 
F 10 30 3 
F 12 30 5 
G IO 200 12 
H 12 40 7 








such points of measurement for the two 
types of cameras. 

At only one of these points does the ra- 
diation in the mirror optics data exceed 
that of the lens systems. Figure 1 indicates 
that this point is close to a wall. It is prob- 
able that backscatter accounts for the high 
value. 

Values for areas outside of the room and 
in the control section were much less than 
1 mr per 100 exposures. The walls of the 
room and of the protective barriers around 
the control contain 1/16 inch of lead. 


SUMMARY 


Measurements made around a modern 
chest photofluorographic roentgen-ray in- 
stallation utilizing a mirror optic system 
indicate less scattered radiation compared 
with that from lens tvpe photofluoro- 
graphic cameras. 
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EXPERIMENTAL OPACIFICATION OF ORGANS 
AND STRUCTURES TO ROENTGEN RAYS* 


By F. R. STEGGERDA, Pu.D.,¢ and CESARE GIANTURCO, M.D.i 


URBANA, ILLINOIS 


N 1937 the authors described a method 

for the permanent roentgen visualiza- 
tion of the colon based on the infiltration of 
its walls with particulate opaque material.* 
This method proved useful for physiologic 
stud:es of the colon in animals, 

In recent years, devices capable of sub- 
jecting animals to high acceleration or 
deceleration have been developed in con- 
nection with space programs, and some of 
the men in charge of the medical aspects of 
these programs have been interested in the 
displacement of various organs and struc- 
tures during such stresses. These displace- 
ments are usually studied by strapping the 
animals to high velocity sleds and taking 
instantaneous roentgenograms at the mo- 
ment of maximum deceleration. Some of 
these studies were not satisfactory because 
of insufficient roentgenographic contrast, 
and the authors were requested to supply a 
number of dogs in which organs had been 
made opaque to roentgen rays. Therefore, 
the purpose of the following experiment is 
somewhat unique, but the methods em- 
ployed are susceptible of ordinary physio- 
logic applications and are reported for this 
reason. 


MATERIAL AND METHOD 

Thirty-one dogs were prepared. The or- 
gans opacified were the liver, spleen, colon, 
stomach, duodenum, short loops of small 
bowel, urinary bladder, kidneys, dia- 
phragms, and the pericardium. 

Visualization of the liver and spleen was 
achieved by the intravenous administra- 
tion of thorotrast. All other procedures re- 
quired opening the abdominal or thoracic 
cavity under general anesthesia. After iso- 


* Work done for U.S.A.F. contract number 29-(600)—2038. 


lation of the organ or structure to be visua- 
lized, a suspension of a particulated sterile 
opaque material was introduced just under 
the outer surface by using a No. 26 needle 
to make multiple small injections about 1 
cm. apart. Following this, the wound was 
closed and the animal was allowed to re- 
cover. 

The opaque substances which were used 
were thorotrast (Testagar Company, De- 
troit, Michigan) and micronized barium 
sulfate (Micropaque) (Damaney and Com- 
pany, Ware Hertz, England). Thorotrast 
was found to be very suitable for organs 
without a rich lymphatic network, such as 
the colon and the kidney capsule. When 
the lymphatic network was well developed, 





Fic. 1. Macrophages laden with thorotrast particles 
in the submucosa of the colon of a dog. 
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therotrest was carried away before it could 
become fixed by the tissues. In such cases, 
mic-onized BaSO, proved to be a more 
satisfac ory medium because it has larger 
particles which are not easily dispersed by 
the lymph vessels. 

All arimals prepared did well postopera- 
tivdy. 3oentgenograms taken soon after 
surgery showed a rather patchy distribu- 
tion of zhe opaque substance, but a more 
even opacification was usually evident ten 
to twenty days later. This was especially 
true in the colon where the eventual ap- 
pearane recalls that achieved by double 
comcrast examinations. 

Several dogs were sacrificed for gross and 
histolog c studies at various times following 
surgery. All organs were grossly normal. On 
mic-oscepic study, the opaque material was 
found so be imbedded in large macro- 
phazes. In the gastrointestinal tract most 
of tnese barium and thorotrast laden mac- 
rophages were concentrated in the sub- 
mucosal layer (Fig. 1). The type of tissue 
reaction was essentially the same for thoro- 
trast and BaSO,. 

Fourteen of the 31 animals were kept un- 
der observation for more than ten months, 





Fic. 2. T'iorotrast in the pericardial wall of a dog. 


Experimental Opacification 





Fic. 3. Thorotrast in the kidney capsules and in the 
wall of the left colon of a dog. 


and all of them appeared to remain in ex- 
cellent health. The illustrations show the 
quality of the images obtained (Fig. 2, 3, 4, 
and 5). 


PHYSIOLOGIC APPLICATIONS 


The physiologic applications of this 
method of opacification are manifold. In 
hollow muscular organs, the proper roent- 
genologic technique will reveal contractile 
patterns under normal conditicns and un- 
der the influence of various stimuli, regard- 
less of the presence and of the vclume of the 
contents of the organs and without the 
misleading effects of anesthesia. In the 
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parenchymal organs, volume changes can 
be estimated from the changes in the size of 
their roentgen shadows. In some cases this 
may take the place of plethysmographic 
studies, which usuallv involve surgical ex- 
posure of the organs and general anesthesia. 


CONCLUSIONS 


As a general conclusion it can be stated 
that thorotrast and finely divided particles 
of BaSO, can be used in experimental ani- 
mals to make permanently opacified to 
roentgen rays such organs as the colon, 
stomach, small intestine, urinary bladder, 
kidnev, diaphragms and pericardium. 

Thorotrast, a medium that is highly mis- 
cible with body fluids, has proved to be a 
very desirable medium for the opacifica- 
tion of some organs. Micropaque (finely 
ground BaSO,) can be used as a substitute 
for thorotrast in other organs where the 
lymphatic drainage is such that thorotrast 
is drained away. BaSO, is not distributed in 
the tissues as well as thorotrast is and it 
gives an appearance of patchiness. 

Thorotrast carries the stigma of being 





Fig. 4. BaSO, in the diaphragm of a dog. 
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Fic. 5. BaSO; in the stomach wall and in the wall of 
the bladder of a dog. 


radioactive and therefore possibly damag- 
ing to bodv tissues over a period of time.? 
Histologicallv, the presence of thorotrast 
or BaSO, in the walls of an organ will 
produce an infiltration of macrophages, but 
the severity of this response is not great and 
does not seem to interfere with the basic 
phvsiology of the organs. 

It is believed that organs permanently 
opacified to roentgen rays can be used for 
studying physiologic responses for a year 
or more after the material is injected. 


Cesare Gianturco, M.D. 
Carle Hospital Clinic 

602 West University Avenue 
Urbana, Illinois 
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THE SIXTY-SECOND ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


HE. Sixty-second Annual Meeting of 

the American Roentgen Ray Society 
was held at the beautiful Deauville Hotel, 
Miemi Beach, Florida from Tuesday, Sep- 
tember 26 through Friday, September 29, 
196:. 

Fresicent Harold O. Reineke issued the 
call to order and then introduced Dr. W. L. 
Fitzgerald, President of the Dade County 
Medical Association and Clinical Professor 
of Urology at the University of Miami, 
Florida, who delivered an Address of Wel- 
com in which the example of scientific in- 
forraational interchange embodied in this 
meeting was lauded. The transcendation of 
national boundaries and elevation of ideals 
above pursuit of personal aggrandizement 
was set forth as a model of cooperation for 
international diplomats and statesmen. 
The Society was most cordially greeted in 
the aame of the 1,400 members of the Dade 
County Medical Association. 

President-Elect Traian Leucutia was 
ther installed in the office of highest honor. 
Dr. Ralph M. Caulk, Chairman of the Ex- 
ecutve Council, awarded the President's 
Mecal, and President Reineke presented 
two gavels; the first, a symbolic one fash- 
ione from the tooth of a mastodon and re- 
covered ‘rom Alaskan glacial ice, and the 
secoad, the working gavel fashioned from 
mementos representing the contributions 
of Réntgen, Coolidge and Snook to radi- 
olog- 

Tte Inaugural Address by President 
Leucutia titled, "Integrated Radiology,” 
stressed the necessity of binding and re- 
cementing the major segments—diagnostic 
roen genology, therapeutic radiology and 
nuclear medicine—into an integrated 
whols. Certain changes are manifest as evi- 





denced by the development of diagnostic 
roentgenology into diagnosti: radiology 
with the embodiment of such p-ocedures in 
nuclear medicine. The historic expansion of 
the official Journat of our Society amply 
speaks for this need and clearls documents 
this chain of events. As we move into the 
space age, further contributions to the 
human kind may be realized from “space- 
born" radiations as have been gleaned from 
those which are *earthborn"—both natural 
and artificial. Steps in progress are fre- 
quently taken by those with necessarily 
detailed knowledge of various Disciplines 
but also with a perspective of their inte- 
grated applications. President Leucutia's 
Inaugural Address, published elsewhere in 
this issue of the JourxaL, eloquently de- 
picts the background of the past and the 
implications for the future of “Integrated 
Radiology.” 

The Scientific Session of the Society be- 
gan immediately thereafter wich the pre- 
sentation on the first morning of nine 
papers on Special Procedures devoted to 
cardiovascular roentgenology ind angio- 
graphic studies. The first of these explored 
various aspects of the significaace of pro- 
tein binding of contrast media :n roentgen 
diagnosis. Cerebral angiography, angio- 
graphy in determining the rese-tability of 
lung cancer, anomalous pulmonary venous 
return, pericardial effusion, aortic valvular 
diease, cardiac ventriculography, cardiac 
catheterization and intravascular nonsurgi- 
cal grafting, and extra large field angiogra- 
phy were other methods and conditions 
discussed. 

The programming of the scientific papers 
in the morning provided ample time for 
study of the scientific and technical ex- 
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hibits and attendance at the Instruction 
Courses. The Scientific Exhibits so capably 
arranged by the Committee under the 
Chairmanship of Dr. Charles O. Heilman, 
Fargo, North Dakota, are described in 
detail elsewhere in this issue of the Jour- 
NAL. 

On Tuesday evening the Annual Cald- 
well Lecture was delivered by Dr. Harold 
O. Peterson, Chairman, Department of 
Radiology of the University Hospitals and 
Professor of Radiology, University of 
Minnesota, Minneapolis, Minnesota. The 
title of his lecture was, "The Radiologist 
and the Special Procedures.” Dr. Peterson 
was introduced by Dr. J. Paul Medelman, 
Director, Department of Radiology, St. 
Joseph’s Hospital, St. Paul, Minnesota, 
and Clinical Associate Professor of Radio- 
logy, University of Minnesota, Minne- 
apolis, Minnesota. Dr. Peterson’s Lecture 
described the many facets of special di- 
agnostic procedures performed by the radi- 
ologist and he emphasized that these pro- 
cedures can often best be executed by the 
radiologist. The exceptionally large at- 
tendance and enthusiasm with which the 
audience received this Forty-first Annual 
Caldwell Lecture obviously expressed the 
importance of these procedures in present 
day diagnostic roentgenology and was a fine 
tribute to the outstanding abilities of Dr. 
Peterson. At the conclusion of the Lecture, 
President Leucutia presented to Dr. Peter- 
son the Caldwell Medal, the highest award 
that our Society can offer for meritorious 
scientific achievement. 

The Scientific Session was resumed on 
Wednesday morning with Dr. Ralph M. 
Caulk presiding. Most of the papers of this 
Session dealt with various aspects of di- 
agnostic roentgenology with the last being 
a discussion of radiation hazards. It was 
emphasized that earlier predictions of bio- 
logic damage from radiation sources were 
unduly pessimistic and the radiologist was 
charged with the responsibility of realisti- 
cally interpreting these various hazards. 

The Scientific Session on Thursday 
morning with Dr. Clyde A. Stevenson 
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presiding was also on various aspects of 
diagnostic roentgenology. One of the most 
interesting described the examination of 
the lower human colon by the use of a 
silicone foam. A soft mold is formed after 
its instillation which upon expulsion re- 
veals imprints of mucosal abnormalities. In 
some instances cytologic examination can 
be carried out by recovering cells from the 
surface of the mold. 

On Thursday afternoon a special in- 
struction course, in the form of a Panel 
Discussion, on “Current Opinions from the 
American College of Radiology on Prin- 
ciples of Ethics, Economics and Facts and 
Figures" attracted a surprisingly large 
audience. Dr. Earl E. Barth moderated the 
Panel consisting of Drs. Bailey, Buchanan, 
Present and Wachowski. Dr. L. H. Gar- 
land, President of the American College of 
Radiology also participated in the timely 
discussion of these extremely important 
matters pertaining to radiologic practice 
which are of particular value to us younger 
radiologists. 

On Thursday evening the Annual Ban- 
quet was held in the Casanova Room in a 
festive Caribbean atmosphere created by 
an excellent floor show of singing and inter- 
pretive dancing. The newly elected officers 
were announced with Dr. Earl E. Barth be- 
ing the President-Elect of the Society. 
Awards were presented for those scientific 
exhibits judged to be outstanding. 

On Friday morning with Dr. Robert C. 
Pendergrass presiding, ten papers on radia- 
tion therapy, one on the use of P# in the 
evaluation of ocular neoplasms and one on 
newer trends in radiation therapy com- 
pleted the program of the Scientific Ses- 
sions. 

The Director of Instruction Courses, Dr. 
Harold O. Peterson, assisted by Dr. Donn 
G. Mosser, Associate Director, assembled 
an excellent array of courses, many of which 
dealt with the special procedures which Dr. 
Peterson discussed in the Caldwell Lecture. 
The fact that most were “sold-out” testifies 
to their popularity and value. 

The number of technical exhibits was the 
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largest n the Society’s history with com- 
plete ucilization of the available space. 
These vere assembled by Mr. Clifford L. 
Sherat, Honorary Member, and Dr. 
James ©. Cook, Manager of the Annual 
Me-ting. A detailed list of the Technical 
Exhibit. is published elsewhere in this 
issue of che JOURNAL. 

The lecale of the meeting in such a famous 
rescrt ctv as Miami Beach, along with the 
highly eficient and able efforts of the Com- 
mitzee on Local Arrangements, afforded 
delizhttal diversions for the ladies attend- 
ing the meeting. On Monday, a Golf 
Wicows Boat Cruise to Fort Lauderdale 
and a teur of the tropical surroundings at 
Patricia Murphy’s Candlelit Garden was 
capoed oy an excellent dinner. On Tuesday 
a tcur *o the Parrot Jungle with its exot- 
icaly beautiful flowers and birds and a 
visi: to the Seaquarium was coupled by 
lunch ar the Key Biscayne Hotel. Wednes- 
dav found the ladies again cruising, this 
time toward the Villa Viscaya (an "Italian 
Pal.ce n Miami") with its incomparable 
tapestries and furnishings, tropical gardens 
and statuary, many of which were im- 
por ed fom various castles in Europe, par- 
ticicarls Italy. The unusually good attend- 
ane on all of these trips was an obvious ex- 
pression of the Committee's success. The 
Socety is deeply appreciative of the dili- 
gen: efforts of Mrs. Gerard Raap, Chair- 
mar, ard Mrs. John S. Stewart, Co-Chair- 
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man and their charming Ladies Committee 
on Local Arrangements. 

The Annual Golf Tournament, held at 
the La Gorce Country Club on Monday 
afternoon, was arranged bv the Local Golf 
Committee under the chairmanship of Dr. 
Virgil H. Pieck. This course, one of the 
most scenic and beautiful on which this 
tournament has ever been held, afforded an 
enjovable afternoon followed bv the Golf 
Dinner at which the prizes were awarded. 

To the Management and Staff of the 
Deauville Hotel the Society extends its 
sincere thanks for excellent service, a most 
pleasant atmosphere and the splendid 
manner in which all details of che meeting 
were carried out. 

The Committee on Press Relations with 
Dr. David Kirsh as Chairman, and assisted 
by Mr. Otha W. Linton and Mr. David 
Pettengill from the American College of 
Radiology, ably handled press releases and 
public relations. 

Dr. Gerard Raap deserves special com- 
mendation for his enthusiastic Chairman- 
ship of the Committee on Local Arrange- 
ments. He truly embodied southern hos- 
pitality in its finest sense. 

President Leucutia can feel pardonably 
proud for an eminently successful meeting 
which will be long remembered. 

Kenneru L. KnannENHorr, M.D. 
Harper Hospital 
Detroit 1, Michigan 
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G. G. PALMIERI 
1892-196] 


ROFESSOR PALMIERI, who was born 

on February 6, 1892 in Bologna, Italy, 
received his medical degree in 1916 from the 
University of the same city. He was named 
Director of the Department of Medical 
Radiology of the University of Bologna in 
1924, first in the capacity of Associated 


Professor and since 1939 as a full time Pro- 
fessor. In 1930 he also became Director of 
the L. Galvani Radium Institute of 
Bologna. 

Professor Palmieri was Vice-President of 
the Società Italiana di Cancerologia in 1957 
and of the Società Italiana di Radiobiologia 
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Medica in 1959. His many honors included 
the title of Accademico Benedettino dell’Ac- 
cacemia delle Scienze dell'Istituto di 
Be ogna; honorary member of the Caroline- 
Leepole Academy of Halle and of the 
Medical Academy of the Republic of 
Co:omlia; honorary member of the Radio- 
loz c Sccieties of Germany, Austria, Czech- 
osevalkaa, Hungary, Spain, Mexico and 
Ceombia; corresponding member of the 
Accademia di Scienze, Lettere e Arti di 
Medena and member of the Honorary 
Cenmetee of Centre Antoine Béclére of 
Pacis. He was an ardent supporter of the 
Internetional Congress of Radiology and on 
twe occasions headed the Italian delega- 
tie»; Ir 1959 he was awarded the coveted 
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Roentgenplakette in Monaco. 

Professor Palmieri published more than 
400 scientific papers pertaining to diagnos- 
tic and therapeutic radiology and was 
keenly interested in radiobiology. He gave 
freely of his time to lectures on many facets 
of practical radiology, took an enthusiastic 
part in scientific discussions, and was a 
devoted teacher with a gift of communicat- 
ing thoughts of inspirational knowledge 
along with ideas of technical proficiency. 

With the death of Professor Palmieri on 
August 16, 1961, the Italian Radiologic 
Society as well as world Radiology loses a 
brilliant scientist, an altruistic and affec- 
tionate physician, and a truly great man. 


Giutio Tort, M.D. 


We regret to announce the death on September 4, 1961, at 
Baltimore, Maryland, of Dr. John W. Pierson, distinguished 


member and Past President of the American Roentgen Ray 


Society. 
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THE SCIENTIFIC EXHIBITS 


HE SCIENTIFIC EXHIBITS of the 

Sixty-second Annual Meeting of the 
American Roentgen Ray Society held -at 
the Deauville Hotel, Miami Beach, Florida, 
September 26-29, 1961, were of extremely 
high quality and most instructive. This 
year there was a considerable increase in 
the self-contained exhibits and this, with the 
beautiful decor of the Peacock Alley where 
they were displayed, immeasurably en- 
hanced their attractiveness. The subjects 
of unusual technical achievements which 
were presented—many reflecting the im- 
portance of special procedures which were 
so vividly depicted by the Caldwell Lec- 
turer of this meeting—furnished incon- 
trovertible evidence of the extraordinarily 
rapid progress made in the science of 
radiology during the last few years. The 
Committee on Scientific Exhibits, un- 
der the very able chairmanship of Dr. 
Charles O. Heilman, Fargo, North Dakota, 
which spared no time or effort in making 
all the arrangements, has been amply 
compensated by the great interest shown 
by the members of the Society and their 
guests in these as well as in many other 
subjects of like documentary caliber. The 
Committee on Awards must have had a 
difficult task in selecting the exhibits most 
deserving of special merit. After careful 
and thoughtful consideration, one Silver 
Medal, one Bronze Medal, and eight Cer- 
tificates of Merit were awarded. 


SILVER MEDAL 

Lymphography ; Lymphangio-Adeno- 
graphy. Manuel Viamonte, Jr, M.D., 
Manuel Soto, M.D., and Raymond E. 
Parks, M.D., Jackson Memorial Hospital 
and University of Miami School of Med- 
icine, Miami, Florida. 

The technique of the roentgenographic 
visualization of the lymph vessels and 
lymph nodes was illustrated in color trans- 
parencies. Two whole body roentgenograms 
and selected roentgenograms of conven- 
tional size illustrated the normal and ab- 


normal findings in the clinical application 
of this technique. 

The method is of definite value because: 
(1) it contributes to the detection and 
evaluation of the extension of lymph node 
metastasis; (2) it aids in the differential 
diagnosis of intra-abdominal and pelvic 
masses; (3) it assists in the evaluation of 
surgical, chemotherapeutic and  radio- 
therapeutic management of malignant neo- 
plasms; (4) it provides information as to the 
cause of obstructive edema, especially when 
combined with phlebography; and (5) it 
facilitates the diagnosis and treatment con- 
trol of lymphomas. 

'The opacification of the lymph nodes is 
shown to better advantage on the 24 to 48 
hour roentgenograms. The nodes remain 
radiopaque 6 to 8 weeks and in some cases 
as long as 6 months. 

Delayed healing and infection of the 
wound are occasionally seen. Also, a miliary 
pattern may be observed in the lungs 
several hours after the injection, due to 
interstitial deposition of the ethiodol which 
is used as the opaque medium but this was 
found to be of no clinical significance. 

It was concluded that lymphography rep- 
resents a dynamic approach to the study of 
the anatomy, physiology and pathology of 
the lymphatic system with vast clinical and 
experimental potentialities. 


Bronze MEDAL 


Cerebral Angiography in Medical Prac- 
tice; A Compendium of Clinical and Neuro- 
roentgenologic Features. C. B. Holman, 
M.D., H. L. Baker, Jr., M.D., A. Uihlein, 
M.D., R. H. Miller, M.D., and A. H. 
Bulbulian, D.D.S., Mayo Clinic and Mayo 
Foundation, Rochester, Minnesota. 

In this exhibit the angiographic patterns 
of most of the intracranial tumefactive and 
vascular lesions were presented. The di- 
agnostic features on the angiograms were 
readily apparent, because each was ac- 
companied by a simplifed explanatory 
diagram. 
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t afor nation relating to the choice of pa- 
tients, injection procedures and clinical 
co plications was given in extenso. 

CERTIFICATES OF MERIT 

i Tre Detection of Upper Gastrointestinal 
vert Pathology with High Kilovoltage Tech- 
nie4es. Steven J. Figiel, M.D., Leo S. 
Fizel, M.D., Fred K. Wistersen: M.D., 
E. devais, M.D., D. K. Rush, M.D., and 
R.M. 3alow, M.D., The Grace Hospital, 
De roit. Michigan. 

High kilovoltage techniques and stand- 
ard tecaniques were compared bv present- 
ing numerous cases. Roentgenographic 
stu lies of the surgical material with varying 
kicvolg&ges and Kodachromes of the 
surzica specimens were used to establish a 
firel co relation between the roentgenologic 
am pathologic picture. 

= Sreletal Abnormalities Associated with 
Gerada’ Dysgenesis. Nathaniel Finby, 
M. )., end Reginald MacGregor Archibald, 
ML D., Rockefeller Institute, New York, 
New York. 

Gonadal dysgenesis is a genetic syndrome 
usi sally aeo ated Sum an absent sex 





Fen * OF 2 patients e the diical 
““irner’s syndrome” but most do show 
skeleta abnormalities which are helpful in 
dixznosis. The abnormalities include dwarf- 
ism, slght retardation of skeletal matura- 
tea, metacarpal or carpal abnormalities 
with a positive “metacarpal sign,” cubitus 
vaizus ind a "tibia-vara-like" 
the knees. The very young patient may 
shcw soft tissue edema and the older pa- 
teat may show “osteoporosis.” 

“he exhibit consisted of illustrative cases 
demon: trating these skeletal abnormalities. 

o Javenile Rheumatoid Arthritis. Wil- 
liam Martel, M.D., John F. Holt, M.D., and 
James T. Cassidy, M.D., 
Mechigan, Ann Arbor, Michigan. 

2ertiin roentgen manifestations of juve- 
nds rh-umatoid arthritis which differ from 
these »bserved in the adult type of the 
d:szase formed the theme of this exhibit. 

arovth disturbances may be severe and 
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periosteal new bone formation is frequent. 
Fractures and subluxations are often pres- 
ent. The atypical distribution of involved 
joints and the tendency toward cervical 
ankylosis are significant. 

Other conditions requiring consideration 
in the differential diagnosis were also dis- 
cussed. 

4. Bronchography: Diagnosis of Localized 
Peripheral Lesions. William Molnar, M.D., 
Atis K. Freimanis, M.D., and William M. 
Blackwell, M.D., Ohio State University 
Hospital, Columbus, Ohio. 

A method using an aerosol mebulizer for 
the introduction of topical anesthesia was 
described. The value of broncaography in 
the differential diagnosis of localized pe- 
ripheral pulmonary lesions, not accessible 
to bronchoscopy, was illustrated by repre- 
sentative findings on bronchograms selected 
from a series of some 200 problem cases. 
The relatively greater extent of the bron- 
chial divisions "seen" by bronchography as 
compared to bronchoscopy was empha- 
sized. 

c. An In Vivo Dosimetry Systeri for Clinical 
and Experimental Radiation T herapy. Ber- 
nard Roswit, M.D., Stanley J. Malskv, 
M.A., M.Sc., Charles Amato. B.Sc., Cy- 
prian B. Reid, B.Sc., Charles Spreckels, 
B.Sc., and Louis Maddalone, Mold Technol- 
ogist, Veterans Administration Hospital, 
Bronx, New York. 

The authors have designed aad emploved 
an in vivo human dosimetry system which 
has proved to be accurate anc dependable 
and is relatively inexpensive. This system 
includes a detector, a reader, znd a variety 
of tubes, needles, catheters amd molds for 
in vivo applications. 

The procedure was used in nearly every 
anatomic organ, tissue and space during 
clinical and experimental radiation therapy. 

This exhibit described in detail the ex- 
perience gained with the physical develop- 
ment and clinical use of the system. 

6. Tumors of the Small Intestine. W. G. 
Sauer, M.D., W. H. Dearing, M.D., C. G. 
Moertel, M.D., M. B. Dockerty, M.D., 
C. A. Good, M.D., and A. H. Bulbulian, 
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D.D.S., Mayo Clinic and Mayo Founda- 
tion, Rochester, Minnesota. 

Tumors of the small intestine are rela- 
tively uncommon and often present a diag- 
nostic enigma to the physician. The au- 
thors have reviewed more than 7oo tumors 
of the small intestine encountered at the 
Mayo Clinic in the 20 year period ending 
January 1, 1958. These tumors have been 
classified according to benignancy or malig- 
nancy, site or origin and relative fre- 
quency. 

The commonest benign tumors in this 
group include leiomyoma, adenoma, lipoma 
and hemangioma; the commonest malig- 
nant neoplasms are carcinoid tumors, 
adenocarcinoma, malignant lymphoma and 
leiomyosarcoma. 

This exhibit detailed the clinical fea- 
tures, laboratory and roentgenologic find- 
ings, gross and histologic characteristics, 
and the treatment recommended in each 
of these eight types of neoplasm. It also 
briefly outlined lesions that are seen much 
less frequently. 

7. Clinical Applications of Lymphangiog- 
raphy. Sidney Wallace, M.D., Laird Jack- 
son, M.D., Burton Schaffer, M.D., R. John 
Gould, M.D., Roy R. Greening, M.D., 
Simon Kramer, M.D., and Arthur Weiss, 
M.D., Jefferson Medical College Hospital, 
Philadelphia General Hospital, Philadel- 
phia, Pennsylvania. 

Lymphangiography by direct intra- 
lymphatic injection depicts the lymph 
vessels and lymph nodes of the extremities, 
inguinal, external and common iliac, and 
para-aortic areas, as well as of the axillary 
and supraclavicular areas and the thoracic 
duct. 

In this exhibit the most useful clinical 
applications were demonstrated in detail. 

8. Fluid-Filled Loops in Intestinal Ob- 
struction. John L. Williams, M.D., and 
George A. Moller, M.D., The George F. 
Geisinger Memorial Hospital, The Foss 
Clinic, Danville, Pennsylvania. 

In 6 per cent of 300 patients with in- 
testinal obstruction, loops were filled with 
fluid but little or no gas. The incidence 
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of gangrene is quite high in these fluid- 
filled obstructions and, therefore, the most 
dangerous cases are often the most difficult 
to diagnose. The correct roentgen diagnosis 
depends upon the recognition of the ab- 
normal soft tissue densities caused by these 
fluid-filled loops. The abdomen is usually 
not distended and has no auscultatory 
signs. 

The exhibit presented some unusual cases 
illustrating these points. 


OTHER EXHIBITS 


Other excellent exhibits were: 

Radiology on Stamps. Stanley P. Bohrer, 
M.D., Massachusetts General Hospital, 
Boston, Massachusetts. 

This exhibit consisted of first day covers, 
plate blocks, and other philatelic oġjets 
d'art documenting radiologic, nuclear, and 
atomic historic events. Correspondence 
from interested medical philatelists would 
be welcomed by the exhibitor. 

The Value of the Admission Chest Film As 
an Aid in the Diagnosis of Extracardiac and 
Extrapulmonary Diseases in Children. Don- 
ald H. Altman, M.D., and Robert F. Conti, 
M.D., Variety Children’s Hospital, Miami, 
Florida. 

A group of 18 pediatric cases was dis- 
cussed in which the admitting chest roent- 
genograms could be used to make a specific 
diagnosis, or strongly suggest the diagnosis, 
of extracardiac and extrapulmonary dis- 
ease, later to be confirmed by additional 
studies. 

The careful evaluation of all information 
available on the chest roentgenogram can 
frequently be a clue to obscure diseases in 
childhood even though the clinical informa- 
tion may be scant. 

Dysgenesis of the Proximal Femur: Con- 
genital Short Femur, Bowed Femur, and 
Coxa Vara. Harlan C. Amstutz, M.D., and 
Philip D. Wilson, Jr., M.D., Hospital for 
Special Surgery, Cornell Medical Center, 
New York, New York. 

The development and variability of 
femoral neck-shaft valgus and version were 
presented. The roentgen characteristics of 
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coxa vara as a result of many acquired and 
congenital disturbances were illustrated. 
The roeatgen features, pathogenesis, prog- 
nosis ard treatment of three groups of 
seeming v. related congenital ossification 
disturbances (congenital short femur with 
coxa vara, congenital bowed femur with 
coxa vaca, and congenital coxa vara) were 
emphasied. 

aygerraphy: Its Value in Mediastinal 
Metastaes and Tumors, Arnold L. Bach- 
man, M. D., Wolfgang Ackermann, M.D., 
and Kevin L. Macken, M.D., Columbia 
Universay, College of Physicians and Sur- 
gecns, New York, Yew York. 

Eoentzenographic demonstration of 
mechastmal metastases by the visualization 
of alterations and obstructions in the 
azygos wenous system has proved to be of 
great importance in the determination of 
operabilty in carcinoma of the lung and 
esophagrs. 

In thi: exhibit were included the method 
of performing azygography, a description of 
the normal appearance and variations of 
the azygos veins, their appearance in non- 
neoplast c disease, the findings in carcinoma 
of the lung and esophagus, and in medias- 
tinal tumors. Correlation with surgical 
and autcpsy data was made. 

The Mastoid. Joshua A. Becker, M.D., 
and Hexry J. Woloshin, M.D., Temple 
Unrversi-y Medical Center, Philadelphia, 
Pennsylvania. 

The resurgence of middle ear and mastoid 
surgery has brought new emphasis on 
mastoid -oentgenography. 

The aithors attempted to establish a 
diagnost< regimen that will give the maxi- 
mum amount of information, but which can 
be done with conventional roentgeno- 
graphic equipment and without undue 
complexe y. They obtained good preopera- 
tive correlation in 58 per cent of the cases 
with the surgical pathology findings. Fur- 
ther review yielded a 72 per cent correla- 
tion. 

The exhibit gave a detailed account of 
the resulzs. 

The Pest-Mortem Coronarogram. Donn J. 
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Brascho, Captain, M.C., USA, Brooke 
General Hospital, Brooke Army Medical 
Center, Fort Sam Houston, Texas. 

The purpose of this exhibit was to dem- 
onstrate the results of a new and simple 
method for postmortem roentgenographic 
evaluation of the arterial supply of the 
human heart. 

Improved Results in Treatment of Oral 
Carcinoma through Use of Precisson Therapy 
with Custom Made Cones. S. Gorion Castig- 
liano, M.D., and C. Jules Rominger, 
M.D., American Oncologic Hospital and 
Misericordia Hospital, Philadelohia, Penn- 
svlvania. 

The exhibitors presented improved re- 
sults in the treatment of oral carcinoma 
during the last seventeen years “asing preci- 
sion therapy with custom-made cones. 

Protection can be assured to important 
uninvolved structures and adequate dosage 
can safely be delivered to well controlled 
volumes. Precision protection of adjacent 
tissues allows the performance of surgical 
procedures later with perfect hezling. 

Radioactive Phosphorus (P9) for Diffuse 
Metastatic Bone Disease: The Taird Decade 
of Use. Harold Chiat, M.D., and Perry 
Mandel, M.D., Nassau Hospital, Mineola, 
New York. 

The technique of combined -adioactive 
phosphorus (P*) and testostercne for dif. 
fuse metastatic bone disease has had 
sufficient clinical evaluation to sstablish it 
as an important and rewarding therapeutic 
modality. 

Representative cases were jacluded in 
this exhibit with emphasis on the proper 
selection of patients, the technique of ad- 
ministration, the hazards, and the results. 

Recent studies have clarified the involved 
physiologic mechanisms which suggest new 
areas worthy of further investization. 

Simple, Safe and Reliable Rad:ography of 
Infants. Donald B. Darling, M.D., Boston 
City Hospital, Boston, Massachusetts. 

A method of obtaining the most routine 
studies in infants without radistion expo- 
sure to personnel was illustrated. The aver- 
age gonad dose as measured du-ing actual 
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exposure was indicated in each case. High 
speed screens, high speed films, 3 mm. Al 
filtration, double diaphragm collimation 
with full field illumination and 1/16 inch 
lead gonadal shields were emploved. 

The Solitary Dense Vertebral Body. John 
M. Dennis, M.D., University of Maryland, 
School of Medicine, Baltimore, Maryland. 

Hodgkin's disease, Paget's disease and 
metastatic malignancy occasionally pro- 
duce a solitary dense vertebral body. The 
etiology of this dense vertebral body can 
usually be determined roentgenographically 
from the bony architecture. These archi- 
tectural changes produced by the three 
diseases were demonstrated. 

Combined Roentgenologic and Gastroscopic 
Evaluation of Gastric Ulceration. Gerald D. 
Dodd, M.D., and Robert S. Nelson, M.D., 
University of Texas, M. D. Anderson 
Hospital and Tumor Institute, Houston, 
Texas. 

Combined roentgenologic and gastro- 
scopicevaluation of gastric ulcershas proved 
highly accurate. A correlation of the sig- 
nificant differential points of each method 
of examination was illustrated by roent- 
genograms and color photographs made 
through the gastroscope. A statistical 
analysis of a series of 100 cases was pre- 
sented. 

Cranial Nerve Metastases in Tumors of 
the Head and Neck. Gerald D. Dodd, M.D., 
and Patrick A. Dolan, M.D., University of 
Texas, M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. 

Perineural and endoneural lymphatic 
vessels have proved to be important but 
neglected routes of spread in tumors of the 
head and neck. Existing therapeutic pro- 
cedures can be modified to meet this con- 
tingency provided the clinician is aware of 
their actual or potential presence. 

In approximately one-third of 37 proved 
cases at the M. D. Anderson Hospital, pre- 
treatment recognition has proved feasible 
by plain film examination of the skull and 
facial bones by changes in the various trans- 
mittal canals and foramina of the major 
divisions of the cranial nerves. The roent- 
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gen anatomy of the most frequently in- 
volved nerves and the changes encountered 
with neural metastases were detailed. 

Ectopic Ureterocele (Ectopic Ureter with 
Ureterocele). John P. Dorst, M.D., and 
Frederic N. Silverman, M.D., Departments 
of Radiology and Pediatrics, University of 
Cincinnati College of Medicine, Cincinnati, 
Ohio. 

The most common type of ureterocele 
found in infants and children is an intra- 
vesical protrusion of the anterior aspect of 
a dilated ureter which passes between the 
mucosa and muscular coat of the bladder 
before it ends in the urethra. Termed an 
ectopic ureterocele, it differs from the 
better known simple ureterocele which 
characteristically occurs in the adult, in 
pathologic anatomy, size, severity of symp- 
toms, prognosis, and therapy. 

The pathologic anatomy and roentgeno- 
graphic appearance of the two forms of 
ureterocele were contrasted, and the most 
common pitfalls in the diagnosis of the 
ectopic ureterocele were illustrated. 

Flow Guided Catheterization and Non- 
surgical Grafting: Two New Techniques for 
Cardiovascular Diagnosis and Treatment. 
Charles T. Dotter, M.D., and Kurt R. 
Straube, M.D., University of Oregon 
Medical School, Portland, Oregon. 

The use of flexible tubing in place of ordi- 
nary cardiac catheters provides a simple 
means for downstream or flow guided 
catheterization of the pulmonary systemic 
arteries. The determination of man’s pul- 
monary artery pressure requires neither 
skill nor fluoroscopy and can be done as a 
ward or office procedure. 

Percutaneous spring guided arterial 
catheterization affords simple, experiment- 
ally established means for the nonsurgical 
insertion of silastic sleeve grafts into coro- 
narv, carotid, renal and peripheral arteries. 
If our “pipe dreams" are realized, this ap- 
proach may assume considerable signifi- 
cance in the practice of medicine. 

The exhibit demonstrated the two tech- 
niques. 

An Evaluation of Roentgen Signs of Pan- 
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creatie Enlargement. William R. Eyler, 
M.D., Max D. Clark, M.D., and Roger L. 
Rian, M.D., Henry Ford Hospital, Detroit, 
Michigan. 

"his exhibit consisted of selected roent- 
gerograms from over 100 cases of pan- 
ic snlargement (7.e., carcinoma, pan- 
creatitis, pseudoeysts and other less com- 
mcn causes) demonstrating the various 
roentgez signs. There was also a brief sum- 
mery of some of the associated clinical find- 
ings. 

The Colonie Polyp and Colonic Cancer. 
Detection, Significance and Roentgeno- 
gr: phic Follow-Up of Colonic Polyps with 
the Use of High Kilovoltage Compression 
Technicue. Steven J. Figiel, M.D., Leo S. 
Figiel, vf.D., Fred K. Wietersen, M.D., 
Thomas Arminski, M.D., and D. W. Mc- 
Lein, M.D., The Grace Hospital, Detroit, 
Michigan. 

The spot compression high kilovoltage 
method for detection of the colonic polyp 
was used to illustrate the development of 
cobnic sancer from the colonic polypoid 
les on. 

Pertinent autopsy and histopathologic 
da:a were included. The authors presented 
comprelkensive case material demonstrating 
their aporoach in determining the necessity 
for surgery when one or more colonic polyps 
are present. 

wose” Circuit Television Tape and Direct 
Kraescooic Recording of the Fluoroscopic 
[mage. Bertram R. Girdany, M.D., and 
Ecwin $. Gaither, M.D., Children's Hospi- 
tal of Pittsburgh, Pittsburgh, Penn- 
svanic. 

The iadividual components that make up 
a closed circuit television fluoroscopic sys- 
ter1 and tape recorder were explained in 
wards end diagrams. The advantages of 
telsvisicn tape recording were listed. Table 
top radzition dosages during actual record- 
ing wer? tabulated. A live kinescopic film 
was shown. 

the Fineal Laminagram: Visualization of 
the Fatrtly Calcified Pineal Gland. John A. 
Gcree, »f.D., Karl K. Wallace, Jr., M.D., 
and Richard L. Bean, M.D., Department 
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of Radiologv, Duke University Medical 
Center, Durham, North Carolina. 

The small pineal calcification is usually 
clearly visible on a lateral roentgenogram of 
the skull but ts often obscured in all antero- 
posterior and posteroanterior projections, 
including stereoscopic films. Laminagraphy 
will demonstrate pineal calcification in 
many such instances and make localization 
of this structure possible. A simple tech- 
nique and illustrative cases were presented. 

Roentgen Findings in Diseases with Ab- 
normal Calcifications. Vheodore F. Hilbish, 
M.D., and Frederic C. Bartter, M.D., Na- 
tional Institute of Health, Clinical Center, 
Bethesda, Maryland. 

This exhibit presented the roentgen find- 
ings of diseases associated with abnormal 
calcium deposition including such condi- 
tions as metastatic calcification, calcinosis, 
dystrophic calcification, heterotopic bone 
formation, vascular calcification and stone 
formation. The exhibit was mtended to 
portray the interesting and, at times, un- 
usual calcium depositions observed within 
the body tissues. Brief comments concern- 
ing the diagnosis were included in the ex- 
hibit. 

Intercalated Segmental Pulmonary 
Arteriography. J. C. Hirschman, M.D., 
Manuel Viamonte, Jr., M.D., R. J. Boucek, 
M.D., and Raymond E. Parks, M.D., 
Jackson Memorial Hospital and University 
of Miami School of Medicine, Miami, 
Florida. 

This method of angiography, which 
makes use of electronically programmed in- 
jection of the opaque medium and the 
roentgen ray exposure, was applied to the 
study of pulmonary vascular physiology 
and pathology. Experimental work in dogs 
and humans has demonstrated the presence 
of pulmonary vasomotor responses and 
some more permanent pathologic changes 
in various disease states. 

Venography in Thrombophlebitis of the 
Lower Extremity: A Useful Techniuge in 
Diagnosis and in the Evaluation of Throm- 
bolytic Agents. Richard A. Kramer, M.D., 
Sydney P. Hecker, M.D., and John F. 


1002 


Weigen, M.D., Palo Alto Medical Clinic 
(Departments of Radiology and Internal 
Medicine), Palo Alto, California. 

Venography of the lower extremity is use- 
ful both in establishing the diagnosis of 
thrombophlebitis and in evaluating the 
. efficacy of treatment. Many conditions can 
simulate the clinical appearance of throm- 
bophlebitis, and in equivocal cases venog- 
raphy can be a valuable diagnostic adjunct 
to the usual clinical studies. Venography 
also offers an objective way of comparing 
the efficacy of various thrombolytic agents. 

Plasmin is currently being evaluated in 
the treatment of stroke, coronary occlusion 
and peripheral arterial occlusion in addi- 
tion to thrombophlebitis. Angiographic 
techniques will be invaluable in these 
studies. 

This exhibit illustrated valuable points 
pertaining to these studies. 

Polydirectional Body-Section Radiography 
with the Polytome. J. T. Littleton, M.D., 
C. L. Rumbaugh, M.D., and F. S. Winter, 
M.D., The Guthrie Clinic and Robert 
Packer Hospital, Sayre, Pennsylvania. 

This exhibit served to introduce the use 
of polydirectional body-section roentgenog- 
raphy in all of its phases through the use 
of the Polytome. This is the first unit of its 
type to be employed in the United States, 
although it has become a fairly common 
method in Europe. It is the feeling of the 
authors that this instrument offers a 
diagnostic advantage which has heretofore 
not been fully appreciated in the United 
States. 

Contrast Roentgenography of the Larynx. 
Jose T. Medina, M.D., William B. Seaman, 
M.D., Ira Kanter, M.D., P. Carbajal, 
M.D., and D. Baker, M.D., Columbia- 
Presbyterian Medical Center, New York, 
New York. 

The technique of the roentgen examina- 
tion of the larynx and hypopharynx by the 
instillation of oily dionosil after local 
anesthesia was described. The resultant 
coating of the mucosa produces a double 
contrast image of the larynx, hypopharynx 
and upper trachea with anteroposterior and 
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lateral films exposed (1) during quiet 
breathing through the nose with the mouth 
closed, (2) during phonation of the vowel 
Eeeee, (3) while performing the true Val- 
salva maneuver, and (4) while performing a 
modified Valsalva maneuver by blowing 
through the closed lips. 

Examples of the normal anatomy, ana- 
tomic variants, and various pathologic 
states have been selected for exhibition 
from a total clinical materal of almost 200 
patients. 

Intravenous Abdominal Arteriography. 
William T. Meszaros, M.D., John B. 
Graham, M.D., Howard C. Burkhead, 
M.D., Myles P. Cunningham, M.D., 
George C. Sutton, M.D., and Brown 
Brooks, M.D., Cook County Hospital, 
Evanston Hospital, and Northwestern Uni- 
versity Medical School, Chicago and 
Evanston, Illinois. 

Intravenous arteriography is a relatively 
new method of visualizing the abdominal 
aorta and its branches. Roentgenologic ex- 
amination of the aorta is performed follow- 
ing intravenous injection of contrast mate- 
rial. The value and limitations of this pro- 
cedure were shown on films illustrating 
various types of vascular abnormalities. 

Detection of Regional Lung Function and 
Early Carcinoma by Fluorodensimetry. 
Charles P. Oderr, M.D., Veterans Ad- 
ministration Hospital, New Orleans, Louisi- 
ana. 

Simultaneous electronic recording of 
fluoroscopic density during breathing ma- 
netivers in two similar areas makes it 
possible to detect a relative impairment of 
function in one. The record made reveals 
the change in density with quiet, deep and 
fast breathing as well as during cough. The 
loss of amplitude in expansion and contrac- 
tion of a given lobe is probably earlier evi- 
dence of endobronchial disease, such as 
carcinoma, than either atelectasis or em- 
physema. 

These pertinent points were demon- 
strated in the exhibit. 

The Problem of the Overexposed Film: 
Practical Methods of Film Reduction. An- 
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drew k. Poznanski, M.D., C.M., Henry 
Ford Hospital, Detroit, Michigan. 

“lan> of the well known photographic 
red 1cers are not ideally suited for the rela- 
tively kigh density, high contrast, double 
emalsicn roentgen-ray film. A search was 
made fer a reducer that would be effective 
on -oertgen-rav film and be simple to use. 
A copper sulphate reducer was found to be 
simple to use, stable when stored, not 
higalv «oxic and its components are readily 
availabe. 

In this exhibit the procedure was de- 
scribed in detail and other methods of film 
redictien, including removal of one emul- 
sior and the use of the logEtron, were com- 
pared. 

Paro.teal Osteoidsarcoma. Klaus. Ran- 
niger, M.D., Department of Radiology, 
Un versity of Chicago, Chicago, Illinois. 

The -oentgenologic appearance and the 
clirical behavior of parosteal osteoidsar- 
coraa ( uxtacortical osteosarcoma) are dis- 
tinetly different from other bone sarcomas, 
particu arly from the usual type of osteo- 
sarzom... Eleven cases with follow-up ex- 
am natons were presented which demon- 
strzted the typical roentgenologic features 
anc the slow progression of this variant of 
Ost«Osa coma. 

Shelf Tumors and Their Differential 
Diegno-is. Julian O. Salik, M.D., Sinai 
Hospitzl of Baltimore, Inc., Baltimore, 
Maryland. 

Fathəlogic changes in the recto-uterine 
or -ectevesical excavation may be caused 
by »enizn or malignant tumors or may be of 
inflammatory origin. The roentgen appear- 
ance ard differential diagnosis in male and 
female were illustrated by representative 
cases. 

Case of the Day. Stefan C. Schatzki, 
M.2., Walter Reed General Hospital, 
Weshirzton, D. C. 

£. "Case of the Dav" for interpretation 
by tho:e attending the meeting was pre- 
senced. On the subsequent day the patho- 
log firdings were given and discussion of 
the prezious day's films was held. 

“his exhibit brought attention to a 
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potential method of teaching that has 
proved successful in several Departments 
of Radiology. 

Lesions Presenting in Right Cardiophrenic 
Angle. Hildegarde Schorsch, M.D., Ed- 
ward A. Piszezek, M.D., M.F.H., and ki 
Eun Chung, M.D., Cook County Hospital, 
Stritch School of Medicine, Loyola Univer- 
sity, The Suburban Tuberculosis Sani- 
tarium District, Chicago, Illinois. 

'The differential diagnosis of lesions which 
project into the right cardioparenic angle 
in the plain chest roentgenogram was dis- 
cussed. 

These lesions, based on et ology, were 
classified into 7 groups: (1) upper gastro- 
intestinal; (2) diaphragmatic hernia; (3) 
pulmonary; (4) cardiovascular. (5) pleural; 
(6) intrathoracic tumors; and 7) miscella- 
neous. 

Representative cases were Ilustrated. 

Estimation of Experimentel Coronary 
Hemodynamics by Coronary Cne-rteriog- 
raphy. William H. Sewell, M.D., Veterans 
Administration Hospital, Oteen, North 
Carolina. 

Coronary cinearteriograms were taken at 
30 frames per second on 35 mm. Plus-X film 
by injecting 9o per cent hypaque into the 
sinus of Valsalva of dogs. Both -he diameter 
and rate of movement of the medium in the 
anterior descending artery were compared 
with the circumflex, before and after vari- 
ous degrees of surgical constriction of the 
anterior descending branch. After the stand- 
ard deviation of the method was deter- 
mined, it was possible to tell whether a 
surgical constriction had significantly re- 
duced the relative flow in the anterior de- 
scending artery and to estimate the degree 
of change. 

The exhibit demonstrated the results ob- 
tained in detail. 

The Differential Diagnosis of Vertebral 
Body Compression. William C. Strittmat- 
ter, M.D., and Barry Q. Welker, M.D., 
Cleveland Clinic. Foundation, Cleveland, 
Ohio. 

In this exhibit some of the lesions that 
cause compression of vertebra! bodies were 
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presented. They were divided into six 
main groups (I) traumatic, (2) infectious, 
(3) neoplastic, (4) metabolic, (5) vascular; 
and (6) systemic disorders of unknown 
etiology. 

Representative examples of each group 
were included in an attempt to aid the 
radiologist in arriving at a correct diagno- 
sis. 

Roentgenographic Examination of the 
Vocal Cords. Sol M. Unger, M.D., Harold 
G. Jacobson, M.D., George A. Meyer, 
M.D., H. Kolson, M.D.,.and Maxwell H. 
Poppel, M.D., Veterans Administration 
Hospital, Bronx, New York. 

Roentgenographic examination of the 
larynx can easily be carried out by means 
of laminagraphy, or by conventional spot 
films during fluoroscopy. Vocal cord paraly- 
sis secondary to recurrent laryngeal nerve 
paralysis and vocal cord irregularity due to 
carcinoma of the larynx can be differen- 
tiated and this was demonstrated by the 
exhibitors. 

The normal and abnormal larynx can 
also be adequately visualized on conven- 
tional roentgenograms. The anatomy of the 
larynx was thoroughly and clearly dis- 
cussed. 

A Second Look Is Worth 1,000 X-Rays: 
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Tuberculosis Program. U. S. Department 
of Health, Education, and Welfare, Public 
Health Service, Washington, D. C. 

The case for dual reading of roentgeno- 
grams in tuberculosis case finding was pre- 
sented. Facilities were available at the ex- 
hibit to allow physicians to check their 
interpretations of sample films against 
those of experts. In an accompanying 
pamphlet studies were cited showing that 
dual reading increases the yield by 10 per 
cent or more thereby reducing radiation 
exposure. 

The Roentgenographic Determination of 
Pulmonary Hypertension in Mitral Stenosis. 
Manuel Viamonte, Jr., M.D., Frank Bar- 
reras, M.D., and Raymond E. Parks, M.D., 
Jackson Memorial Hospital and University 
of Miami School of Medicine, Miami, 
Florida. 

In this exhibit the criteria used for pre- 
dicting the mean pulmonary artery pressure 
in patients with mitral stenosis were pre- 
sented. Examples of cases with absent, 
minimal, moderate and severe pulmonary 
arterial hypertension were shown. Other 
pulmonary findings in mitral stenosis were 
also demonstrated. Postoperative studies 
should be performed 6 months to 1 year 
after surgical intervention. 
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The Technical Exhibits of the Sixty- 
second Annual Meeting of the American 
Roentgen Ray Society, held in Miami 
Beach, Florida, September 26-29, 1961 
were the largest and most attractive in the 
Society's history. The matchless conven- 
tion engineering concept embodied in the 
Deauville Hotel, the spacious exhibit halls, 
Napoleon Room No. 1 and 2, and their loca- 
tion in the immediate vicinity of the ac- 
tivities of the Scientific Assembly were 
pleasant features equally welcomed by the 
Exhibitors and the many members and 
guests of the Society who visited them. The 
displays, which were artistically arranged 
and unprecedently beautiful, evoked the 
greatest admiration and thereby contrib- 


uted notably to the over-all success of the 
meeting, 

The untiring efforts of Mr. Clifford L. 
Sherratt, Honorary Member, and Dr. 
James C. Cook, Manager of the Annual 
Meeting were again amply rewarded by the 
fact that the ultramodern facilities of the 
Deauville Hotel were utilized to fullest ex- 
tent. The Society extends its most sincere 
thanks to the many exhibitors for their 
participation at this Sixty-second Annual 
Meeting and regrets that, despite the in- 
creased space, a few of the applicants could 
not be accommodated. 

The following are the firms which took 
part in the Technical Exhibits: 

Abbott Laboratories, North Chicago, 
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IL. nois; Ansco Division, General Aniline 
& Film Corporation, Binghamton, New 
York; Atomic Energy of Canada Limited, 
Orzaw:, Canada; Automatic Seriograph 
Corporation, College Park, Maryland; 
Bernes-Hind Barium Products Company, 
Sanny vale, California; Bar-Ray Products, 
laz., Brooklyn, New York; Bell-Craig, Inc., 
New York, New York; Carr Corporation, 
Santa Monica, California; Cordis Corpora- 
ten, Miami, Florida; Lester A. Dine Com- 
pany, Woodside, New York; Dunlee Cor- 
pcatien, Bellwood, Illinois; E. E. du Pont 
de Nemours & Company, Inc., Wilming- 
tea, Delaware; Eastman Kodak Company, 
Reche-ter, New York; Encyclopaedia Bri- 
taanica, Miami, Florida; Eureka X-Ray 
Tr be Corporation, Chicago, Hlinois; Oscar 
Fisher Company, Inc., Newburgh, New 
Yerk; E. Fougera & Company, Inc., Hicks- 
vide, Long Island, New York; Franklin 
X. Ras Corporation, Philadelphia, Penn- 
sv varra; General Electric Company, Mil- 
wzukee, Wisconsin; Gordon Consultants, 
Naw York, New York; Great Books of the 
Vyesteczn. World, Baltimore, Maryland; 
Goune & Stratton, Inc., New York, New 
Yerk; Halsey X-Ray Products, Inc., 
Esook vn, New York; Paul B. Hoeber, Inc., 
New Work, New York; Hospital Micro- 
fd ning Company, Pearl River, New York; 
Howdon Videx Products Corporation, 
Mun: Vernon, New York; Philip A. Hunt 
Cempany, Palisades Park, New Jersey; 
Lord. Inc., New York, New York; Keleket 
X.Rar Corporation, Waltham, Massachu- 
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setts; Leishman X-Ray Engineering Cor- 
poration, Los Angeles, California; Liebel- 
Flarsheim Company, Cincimnati, Ohio; 
Low X-Ray Corporation, New York, New 
York; Machlett Laboratories, Inc., Spring- 
dale, Connecticut; Mallinckredt Chemical 
Works, St. Louis, Missouri; Mattern X- 
Ray Division —Land. Air, Incs., Chicago, 
Illinois; Micro X-Ray Recorder, Ince., 
Chicago, Hlinois; North American Philips 
Company, Inc., New York, New York; 
Nuclear-Chicago Corporation, Des Plaines, 
Illinois; Pako Corporation, Minneapolis, 
Minnesota; Pennsylvania X-Ray Corpora- 
tion, Glenside, Pennsvlvania; Phvsicians' 
Technical Equipment Compeny, Milwau- 
kee, Wisconsin; Picker X-Ray Corporation, 
White Plains, New York; Profexray, Inc., 
Maywood, Illinois; W. B. Saunders Com- 
pany, Philadelphia, Pennsylvania; Schick 
X-Ray Company, Inc., Chicago, Illinois; 
Frank Scholz X-Ray Corporation, Boston, 
Massachusetts; Stemens New York, Inc., 
New York, New York; E. 2. Squibb & 
Sons, New York, New York; Standard X- 
Rav Company, Chicago, Illinois; Charles C 
Thomas, Publisher, Springfield, Illinois; 
'Thuresson-Angrabright- Bennett, Inc., 
Skokie, Hlinois; United States Radium 
Corporation, Morristown, New Jersey; 
Westinghouse Electric Corporation, Pitts- 
burgh, Pennsylvania; Winthrop Labora- 
tories, New York, New York; X-Ray Solu- 
tions Services, Detroit, Michigan; Year 
Book Medical Publishers, Inc., Chicago, 
Illinois. 








AMERICAN ROENTGEN RAY SOCIETY 
ELECTS OFFICERS 

At the Sixty-second Annual Meeting of 
the American Roentgen Ray Society held 
at the Deauville Hotel in Miami Beach, 
Florida, September 26-29, 1961, the follow- 
ing officers were elected: President, Dr. 
Traian Leucutia; President-Elect, Dr. Earl 
E. Barth; First Vice-President, Dr. Ralph 
M. Caulk; Second Vice-President, Dr. 
Richard Schatzki; Secretarv, Dr. C. Allen 
Good; Treasurer, Dr. Stephen W. Brown. 
Dr. Robert C. Pendergrass is the newly 
elected Chairman of the Executive Council. 

The Sixtv-third Annual Meeting of the 
Society will be held October 2-5, 1962, in 
Washington, D.C. 


AMERICAN COLLEGE OF RADIOLOGY 

CONFERS HONORARY MEMBERSHIP 

The American College of Radiologv held 
a special convocation in Sao Paulo on 
Wednesday, September 6, 1961 to confer 
honorary membership on the following: 
Dr. Luis Arrieta-Sanchez, Editor of Radio- 
logía of Panamá; Dr. Nicola C. Caminha, 
President of the Brazil College of Radiol- 
ogy, Rio de Janeiro, Brazil; and Dr. 
Antonio Pinto-Vieira, Director of the In- 
stitute of Cancer, Rio de Janeiro, Brazil. 

The convocation was presided over bv 
Dr. Philip J. Hodes. Dr. E. P. Pendergrass 
acted as Chairman of the Board of Chancel- 
lors; Dr. Ross Golden as Sergeant of Arms. 
Dr. J. A. del Regato read the citations of 
the new members in Portuguese. 


FOURTEENTH ANNUAL MIDWINTER 
RADIOLOGICAL CONFERENCE 

The Fourteenth Annual Midwinter 
Radiological Conference, sponsored by the 
Los Angeles Radiological Society, will be 
held at the Biltmore Hotel, Los Angeles, 
California, on Saturday and  Sundav, 
February 3 and 4, 1962. 


NOVEMBER, 1961 


ITEMS 


An outstanding program of pertinent in- 
terest has been arranged and the guest 
speakers will be Doctor David Sutton, 
Doctor Scott Dunbar, Montreal Children's 
Hospital, Montreal, Canada; Doctor Rich- 
ard Marshak, Mtr. Sinai Hospital, New 
York, New York; Doctor Gilbert Fletcher, 
M. D. Anderson Hospital, Houston, Texas; 
and Doctor Henry Kaplan, Stanford Med- 
ical Center, Stanford, California. 

The conference fee of $25.00 includes two 
luncheon meetings featuring questions and 
answers. A banquet ($7.50 per plate) pre- 
ceded by cocktails will be held Saturday 
evening at the Biltmore Bowl. Reserva- 
tions may be made through: V. G. Mikity, 
M.D., 2010 Wilshire Boulevard, Los 
Angeles 57, California. 

Courtesy cards will be available to resi- 
dents in radiology and Radiologists in the 
Armed Forces by advance registration, 
with reduced tariff for luncheons and ban- 
quet. Hotel reservations should be made 
through the Convention Manager, Bilt- 
more Hotel, Los Angeles, California. 
UNIVERSITY OF MINNESOTA ANNOUNCES 

CONTINUATION COURSE 

The University of Minnesota announces 
a Continuation Course in Urologic Radiol- 
ogy for Radiologists, Nov. 6-10, 1961. 

Guest participants will include Doctors 
Guido Currarino, New York; Arthur T. 
Evans, Cincinnati; John A. Evans, New 
York; Carl L. Gillies, Iowa City; James O. 
Hoppe, Rensselaer, New York; John A. 
Hutch, San Francisco; Harry Z. Mellins, 
Brooklyn; Olle Olsson, Sweden; Eugene F. 
Poutasse, Cleveland; Vincent Vermooten, 
Fort Sam Houston, Texas; and Keith 
Waterhouse, Brooklvn. 

For information write: Director, Center 
for Continuation Study, University of 
Minnesota, Minneapolis, Minn. 
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Tug FUNDAMENTALS OF X-ray ano Raprum Puys- 
ics, Third edition. By Joseph Selman, M.D., Clin- 
ical “ssistant Professor of Radiology, University 
of Texas, Southwestern Medical School; Director, 
Schoci for X-ray Technicians, Tyler Junior Col- 
lege; Director, Radiology Department, Medical 
Center Hospital; Attending Staff in Radiology, 
Mother Frances Hospital; Consultant in Radiol- 
ogy, East Texas Tuberculosis Hospital, Tyler, 
Texas. Cloth. Price, $8.50. Pp. 364, with illustra- 

ions and tables. Charles C Thomas, Publisher, 301— 

7 East Lawrence Avenue, Springfield, HL, 1961. 

Resprretion ix Hearta axb Disease. By R. M. 
Cherriack, M.D., M.Sc., F.R.C.P. (C2, Assistant 
Professor of Medicine, University of Manitoba 
Schoci of Medicine; Director, Respiratory. Divi- 
sion, Clinical Investigation Unit, and Assistant 
Physician, Winnipeg General Hospital; Consult- 
ant in Respiratory Diseases to Children's Hospital 
and Municipal Hospitals, Winnipeg, Canada; and 
L. Cherniack, M.D., B.Sc,, M.R.C.EF. (Lond.), 
F.R.G P. (C), F.A.C.P., Assistant Professor of 
Medicine, University of Manitoba School of 
Medicine; Associate Physician, Winnipeg General 
Hospital; Physician, Division of Medicine, Winni- 
peg Clinic, Winnipeg, Canada. Cloth. Pp. 403, 
with «2 illustrations. W. B. Saunders Company, 
218 West Washington Square, Philadelphia, 1961. 

Abovaxcgs IN Oro-Rutxo-Laryncotoay. Vol. VIH. 
Editeé by Prof. Dr. L. Rüedi, Zürich, Switzerland. 
Cloth Price, $13.00. Pp. 431, with numerous illus- 
tratioas. S. Karger, Basel, Switzerland. In the 
U. S. A, and Canada, Aibert J. Phiebig, P. O. Box 
352, White Plains, N. Y., 1961. 

AovawcES IN TunkncULOsIS Researcu. Vol. IT. 
Edited by Dr. Hubert Bloch, Pittsburgh, Pennsyl- 
vania. Cloth. Price, $18.00. Pp. 282, with illustra- 
tions, 5. Karger, Basel, Switzerland. In the U.S. A. 
and Canada, Albert J. Phiebig, P. O. Box 252, 
White Plains, N. Y., 1961. 

RECONSTRUCTION SURGERY 
Edited by E. | 











AND TRAUMATOLOGY. 

l. Compere, Chicago, Hlinois. Cloth. 
Price, $11.00. Pp. 139, with many} illustrations. 
5. Kaer, Basel, Switzerland. In the U. S. A. and 
Canaca, Albert J. Phiebig, P. O. Box 352, White 
Plains, N. Y., 1961. 

Pestte Hearta Papers, No. 6. loxizixo. Rapta- 
gion anp Heattro. By Bo Lindell, Institute of 
Radioohysies, Stockholm, Sweden; and R. Lowry 
Dobscn, Chief Medical Officer, Radiation and Iso- 
ropes, World Health Organization, Geneva, Swit- 
zerlani, Paper. Price, $1.00 Pp. 81, with many 
tables World Health Organization, Geneva, 
Switzerland. In the U. S. A., Columbia University 


















Press, International. Documents. Service, 2960 
Broadway, New York, N. Y., 1961. 

Pegice Hearta Papers, No. 9. Teacuine or Psy- 
CcHiATRY axb Menrat Hearre. Contributors: 
M. Bleuler, O. V. Kerbikov, E. E. Krapf. T. A. 
Lambo, S. Lebovici, Tsung-yi Lin, L Matte- 
Blanco, M. Ostow, T. F. Rodger, J. Stoetzel, and 
E. S. Turrell. Paper. Price, $2.02. Pp. 186, with 
tables. World Health Organization, Geneva, 
Switzerland. In the U. S. A., Columbia University 
Press, International Documents Service, 2960 
Broadway, New York, N. Y., 1961. 

RADIOGRAPHIC Anatomy or THE Human SKELETON; 
A Hawbnsook ror Raprograrners. By W. H. 
Johnson, F.S.R., Lecturer in Radiographic Anat- 
omy, 1940-1956, for the Society of Radiographers 
Membership Examination at the [ford Depart- 
ment of Radiography and Mediczl Photography, 
Tavistock House, London; and J. A. Kennedy, 
M.B., M.R.C,S, D.M.R., D.M.R.D., Lecturer 
in Radiological Anatomy, King's College, Univer- 
sity of London, Senior Radiologist, St. Helier 
Hospital, Carshalton, England, Cloth. Price, 
$10.00. Pp. 280, with 233 illustrations. Williams & 
Wilkins Company, East Preston Street, 
Baltimore, 1951. 

Tae Year Book or Cancer, 1960-1961. Compiled 
and edited by Randolph Lee Clark, Jr., B.S., M.D., 
M.Sc. (Surgery), D.Sc. (Hon.), Director and Sur- 
geon-in-Chief, The University of Texas M. D. 
Anderson Hospital and Tumor Institute; Professor 
of Surgery, The University of Texas Postgraduate 
School of Medicine; Clinical Professor of Surgery, 
Baylor University College of Medicine; Chairman, 
Committee on Cancer, American College of Sur- 
geons; F.A.C.S.; and Russell W. Cumley, B.A., 
M.A., Ph.D., Director of Publications, The Uni- 
versity of Texas M. D. Anderson Hospital and 
Tumor Institute; Professor of Medical Journalism, 
The University of Texas, Postgraduate School of 
Medicine; Executive Editor, Medical Arts Pub- 
lishing Foundation, Houston, Texas. Cloth. Price, 
$8.50. Pp. s39, with 189 illustrations. Year Book 
Medical Publishers, Inc., 200 East Hlinois Street, 
Chicago, 1961. 

British CoLuMBIA Cancer [NSTITUTE, VANCOUVER; 
Five Year Resurrs Or TREATMENT 1946-1954 
WITH A SyNnopsts OF TREATMENT Fourcy 1961. By 
A. Maxwell Evans, M.D., C. M., D.M.R.E., Di- 
rector, British Columbia Cancer Institute, Clin- 
ical Assistant Professor, Department of Surgery, 
University of British Columbia, Cloth. Pp. 269. 
British Columbia Cancer Institute, 2656 Heather 
Street, Vancouver 9, B.C., 1961. 
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STEVEN, J. L. Some pitfalls in the angiographic 
diagnosis of intracranial tumour pathology. 
Clin. Radiol., July, 1961, 72, 194-198. (From: 
West of Scotland Neurosurgical Unit, Kil- 
learn Hospital, Glasgow, Scotland.) 


Angiographic diagnosis of the nature of a tumor 
is now being readily accepted by neurologists and 
neurosurgeons, throwing a correspondingly greater 
burden on the radiologist. The author gives 3 case 
histories in which the angiographic appearances 
were unusual, 

Case I. A diagnosis of meningioma was made on 
the basis of the angiographic findings. Complete 
occlusion of the left internal carotid artery at its 
origin was demonstrated, and there were two areas 
of abnormal vasculature in the superficial left 
frontoparietal region. At craniotomy no tumor was 
found. The misleading appearance may have been 
due to some form of anastomotic circulation via 
the superficial temporal artery and the middle 
meningeal artery, but this is mere speculation. 

Case 2. Right common carotid angiography 
showed mid-line vessels displaced to the left, and 
several small wooly opacities of different sizes ap- 
peared in the late arterial and capillary phases. 
These had cleared in the venous phase. A diagnosis 
of multiple tumors was suggested. At postmortem 
examination there were multiple hemorrhagic in- 
farcts corresponding in position to the opacities 
seen on the roentgenograms. Presumably the 
opacities were due to contrast medium circulating 
through numerous dilated capillaries adjacent to 
the ischemic zones. 

Case 3. A left carotid angiogram revealed a small 
knot of vessels in the posterior temporal region with 
-an early filling vein draining the area. This was in- 
terpreted as a small arteriovenous malformation. 
Five weeks later a repeat left angiogram revealed a 
marked shift of mid-line vessels to the right, eleva- 
tion of the middle cerebral group of vessels, and a 
large area of poorly defined tumor vessels. The pa- 
tient expired seven days later. A postmortem ex- 
amination was not made, but the roentgenographic 
appearance indicated a rapidly growing glioblas- 
toma.—Samuel G. Henderson, M.D. 


Tort, G., and Ganusr, G. F. Left carotid- 
jugular arteriovenous fistula; angiocardio- 
graphic study before and after surgical 
operation. Radiol. clin., 1961, 30, 76-85. 
(Address: G. Tori, Institute of Radiology 
and Radium Institute of the University, 
Bologna, Italy.) 


This is a case report of a five year old boy with a 
congenital left carotid-jugular arteriovenous fistula. 
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This had caused a large left to right extracardiac 
shunt and had resulted in cardiomegaly and heart 
failure. 

On angiocardiography the left common carotid 
was dilated to three times normal size and appeared 
to be twisted. There were two large shunts (0.5 
cm.) between the left common carotid and the ex- 
ternal jugular vein, one near the angle of the jaw 
and the other 4 cm. lower. The left innominate vein 
was markedly dilated and tortuous. At surgery, the 
abnormal shunts were removed and there was im- 
mediate improvement in the patient’s symptoms. 

Three years after surgery a chest film disclosed 
marked reduction in the size of the heart. An 
angiocardiogram showed that the left common 
carotid was still considerably enlarged but no shunt 
was present.—7. L. Williams, M.D. 


TINDALL, GEorGE T., and Cupp, Horace B., 
Jr. Vertebral arteriography by retrograde i in- 
jection of the right common carotid artery. 
Radiology, May, 1961, 67, 742-747. (Ad- 
dress: G. T. Tindall, Department of Surgery, 
Duke University Medical Center, Durham, 
N. C) 


'The authors describe a simple, percutaneous 
method for obtaining vertebral arteriograms during 
the course of carotid arteriography. The basic fea- 
ture of this method is that a thin-wall 17 gauge 
needle is inserted into the right common carotid 
artery, below the carotid bifurcation, with the point 
directed toward the heart. Án injection of 20 cc. of 
50 per cent hypaque is made manually in a retro- 
grade direction with compression on the common 
carotid artery above the needle and on the ipsilateral 
brachial artery. Exposures are made at the comple- 
tion of the injection, producing diagnostic vertebral 
arteriograms in the majority of cases. A slower in- 
jection of 1o cc. of 5o per cent hypaque, without 
vessel compression, allows direct right carotid 
arteriography. 

Critical analysis of 125 injections in a group of 60 
patients revealed diagnostic vertebral angiograms in 
42 patients, or 70 per cent. The majority of failures 
was due to improper timing or incomplete compres- 
sion of the distal carotid artery. This latter observa- 
tion prompts the recommendation that the same 
concentration of contrast medium used for carotid 
arteriograms should be used for the retrograde 
vertebral arteriograms. Retrograde injections were 
made into the left common carotid artery in 6 pa- 
tients without visualization of either the left verte- 
bral or subclavian arteries. 

The two chief advantages of the retrograde 
method are that it avoids direct puncture of the 
vertebral artery and can be accomplished under 
local anesthesia. It is especially worthy of considera- 
tion in patients with thrombosis of the internal 
carotid artery since it avoids the risk of threading 
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the tip of the needle into the involved portion of the 
vessel. Although the one “blind spot" in this tech- 
nique is the failure to visualize the left vertebral 
artery, a complete survey of the intracranial arterial 
circulatien can be accomplished in one session, 
through bilateral carotid artery punctures.—-Fd- 
ward B. Best, M.D. 


Ostrowski, A. Z., Harpy, W. G., LINDNER, 
D. W., THomas, L. M., and Gurjan, F. S. 
Retrograde brachial vertebral-basilar angi- 
ography; an analysis of angiographic vis- 
ualization of the vertebral-basilar system and 
branches. /.40.4. Areh. Neurol, 1961, 4, 
608-616. (Address: E. S. Gurdjian, Wayne 
State University, 1401 Rivard St., Detroit 7, 
Mich.) 


Extracranial vascular occlusive lesions in the 
stroke syndrome were investigated in 9o patients by 
the effective and safe method of retrograde brachial 
angiography. In the earlier cases, open arteriotomy 
and general anesthesia was practiced; later, percu- 
taneous technique with a 17 gauge spinal needle in 
each brachial artery was successful. About 20 cc. of 
so per cent hypaque was used for each of the 4 to 6 
manual injections required to obtain angiograms in 
varying projections. (It is of note that “as much as 
306 ml." of the opaque medium was employed in 
some cases!) No important complications occurred, 

The technique produced visualization cf the right 
carotid in 75 cases; of the left carotid in 3 cases. 
Opacification of the left carotid occurred only with 
injection of the right brachial and success seemed 
dependent on an anomalous origin from a common 
innominate. Both vertebrals (when patent) were 
opacifieé in all cases. In only a third of the carotids 
shown @ould the origin of the vessel be seen; the 
origin of the vertebrals was seen in the majority. In 
over half of the group, the origin of the posterior 
inferior cerebellar artery was shown. Evaluation of 





the basilar arteries was often permitted by this 
method. 
Artifact or anomaly may be suspected when a por- 





tion of the vertebral-basilar system is not opacified, 
but in the majority this sign indicates disease. Left 
and right vertebra's are rarely of the same caliber 
and nonfilling of the intracranial portion of the 
vertebral artery was usually interpreted as artifact if 
it was on the side of the smaller vertebral and if the 
basilar artery filled from the opposite larger verte- 
bral. Among those suspected of vascular occlusive 
disease the procedure strongly supported this diag- 
nosis (/.7., 77 per cent showed atheromatous abnor- 
malities.) 

Finer points of technique are not described but 
references are supplied and should be consulted. 
When occlusive disease of the vertebral-basilar sys- 
tem is sespected this would seem to be the diagnostic 
procedure of choice because of its safety and reliable 


Abstracts of Radiological Literature 


1Oul 


graphic result. The hemorrhage and pneumothorax 
which may attend the percutaneous subclavian ap 
proach are avoided. The important site, the origin 
of the vessel, is usually demonstrated as it often is 
not ina percutaneous vertebral artery puncture. One 
should not anticipate opacification of the left carotid 
by this method and poor visualization of the origin of 
the right carotid is a deficiency shared by most tech- 
niques. The role played by hydrodynamics to pre- 
vent opacification of portions of the system and thus 
mimic structural occlusion is the ééte noire of angiog- 
raphy of the posterior fossa and wil help to keep 
medicine an art.—ack Reynolds, M.D. 


OLLER, Jose L. Gancra, NELsoN, N., ESpENAN, 
P., Fernanpez, W., MaruisNg, C., and 
HavpeL, W. Angiography by brachiover- 
tebral and temporal arterial catheter. South. 
M. FJ., Apr., 1961, 54, 345-346. (From: The 
Department of Neurosurgery Mercy Hos- 
pital, and the Independent Neurosurgery 
Service, Charity Hospital, New Orleans, 


La.) 


The authors summarize their results in angiog- 
raphy of the cerebral vessels by direct arterial 
catheterization. Brachial angiography makes possi- 
ble routine studies of the vertebral circulation with 
freedom from spasm and direct injury plus visualiza- 
tion of the carotid artery. The authors also utilized 
catheterization of the temporal arteries and occa- 
sionally they combined the procedures by using the 
right brachial and left temporal arteries in one 
examination, This combined procedure produced an 
excellent one stage cerebral angiogram, 

They conclude that catheterization of the brachial 
artery is safe and reliable for routine vertebral 
angiography, as is temporal catheterization for 
carotid angiography, with the latter also being an 
excellent technique for pediatric patients. Thev 
found that critically ill patients wich head injuries 
and subarachnoid hemorrhage are accurately and 
safely studied with catheterization techniques. Also, 
vertebral angiography gave essentiz] diagnostic in- 
formation in one-third of the cases of brain tumors 
studied. — Richard L. Jontz, M.D. 


Lamp, Jonn, and Morris, Lgos. The carotid- 
basilar artery; a report and discussion of five 
cases. Clin. Radiol, July, 1961, r2, 179- 
186. (From: X-ray Departmert, Brook Hos- 
pital, Shooters Hill Road, Loadon, S.E. 18, 
England.) 

An anomalous vessel joining the carotid and basi- 
lar arteries has been known to anatomists since it 
was first described by Quain in 1842. The first case 
diagnosed during life by angiography was de- 
scribed by Sutton in 1950. — Mga | i 

The authors give 5 case histories_in which this 
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anomalous vessel was found by arteriographic ex- 
amination. They state that their experience and a 
study of the literature show that, in almost all 
cases, the anomaly is found incidentally during the 
course of routine angiography. Of their 5 patients, 
the first had a metastatic cerebral tumor, the second 
was angiographically normal apart from the anoma- 
lous vessel, the third had an intracerebral hematoma 
associated with a hemisphere angioma, the fourth 
presented with subarachnoid hemorrhage from an 
aneurysm on the posterior communicating artery of 
the opposite side, and the fifth case had an extensive 
infiltrating glioma. 

These 5 cases were encountered in the course of 
approximately 1,500 arteriographies. Other inves- 
tigators have found this anomaly with slightly less 
or slightly greater frequency; hence, it is not exces- 
sively uncommon. 

Roentgenologicaly, a fullaxial view is recom- 
mended in trying to demonstrate the exact appear- 
ance of the anomalous vessel. With a half-axial view 
the apex of the basilar artery and the vessels arising 
therefrom are obscured by the anterior cerebral 
artery.— Samuel G. Henderson, M.D. 


Beco, A. C. Radiographic demonstration of 
the “hypoglossal artery”; a rare type of per- 
sistent anomalous carotid-basilar anastomo- 
sis. Clin. Radiol., July, 1961, 72, 187-189. 
(From: The Department of Diagnostic 
Radiology, Dunedin Hospital, and The 
Otago Medical School, Dunedin, New Zea- 
land.) 


The basilar artery may arise from the posterior 
aspect of the cervical portion of the internal carotid 
artery. This represents a persistence of certain small 
anastomotic channels linking the internal carotid 
and vertebral arterial systems in the embryo. Most 
writers have considered that this vessel represents 
the hypoglossal artery. It has been described pre- 
viously on four occasions as a finding in anatomic 
dissections. 

The author, discovered this anomaly on arteriog- 
raphy in a patient who later came to surgery for an 
inoperable brain tumor. This is apparently the first 
time that this anomalous artery has been found dur- 
ing life.—Samuel G. Henderson, M.D. 


Satinas, F. DE Los Santos, and GAYARRE, M. 
Gir. La sialografía. Tecnica, indicaciones y 
resultados. (Sialography. Technique, indica- 
tions and results.) Acta ibér. radiol. cancerol., 
Apr.-June, 1960, 75, 107—116. (From: Catedra 
de Radiología y Terapeutica Fisica de la 
Universidad de Madrid, Spain.) 


The technique for contrast roentgenography of 
the parotid and submaxillary glands is described with 
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great detail. The patient is asked ta rinse his mouth 
with warm water (40?C.) in order tc relax and dilate 
the distal end of the excretory ducts. The duct is 
dilated, if necessary, and catheterized with a blunt- 
end needle not more than 1 mm. in diameter. For a 
contrast medium, the authors much prefer iodized 
oils to aqueous media. They inject 1.5 to 2 cc. in the 
submaxillary gland and 2.5 to 3 cc. in the parotid 
until the patient experiences pain and distention of 
the gland is noted. With the needle in place to pre- 
vent reflux, roentgenograms are taken. The needle is 
withdrawn and excretion of the contrast medium is 
achieved by having the patient chew gum and rinse 
the mouth to eliminate the contrast medium in the 
oral cavity. Additional roentgenograms are obtained 
during this time. The best projection for visualiza- 
tion of the submaxillary gland is obtained with the 
roentgen-ray beam angled 60° from the vertical 
plane and the patient lying supine with the head 
rotated to the side being studied. For study of the 
parotid gland, lateral views are preferred. 

The authors have found interesting features in 
cases of transparent calculi, chronic inflammations, 
fistulae, relapsing parotitis, Mikulicz’s disease, be- 
nign and malignant tumors, actinomycosis, and in 
patients who have received irradiation for conditions 
in the region of the salivary glands.—F. Comas, M.D. 


NEcK AND CHEST 


Rogan, J. M., Asarorp, J. R., CHAPMAN, P. J., 
DUFFIELD, D. P., Fay, J. W. J., and Rae, S. 
Pneumoconiosis ‘and respiratory symptoms 
in miners at eight collieries. Brit. M. F., 1961, 
I, 1337-1342. (From: Pneumoconiosis Field 
Research, National Coal Board, London, 
England.) 


This report on a project which was started in 1953 
includes an investigation into the correlation of coal 
dust, pneumoconiosis, respiratory diseases, forced 
expiratory volume (F.E.V.;), and roentgen findings. 

A total of 9,758 men from eight British collieries 
were examined. The prevalence of pneumoconiosis 
increased with age. It varied from g to 41 per cent 
from one colliery to another. 

Prevalence of respiratory symptoms increased 
with age also. The mean F.E.V.,—that is, the volume 
of air expired during the first second of a forced ex- 
piration after a full inspiration—in men with respira- 
tory symptoms was about .2 to .4 liter less than that 
in men without respiratory symptoms. 

There was some relation between pneumoconiosis 
and respiratory symptoms. Respiratory symptoms 
were associated with a smaller fall in the F.E.V.i 
in men with pneumoconiosis than in men with nor- 
mal roentgenograms. 

Irrespective of the presence or absence of pneu- 
moconiosis and respiratory symptoms, the F.E.V., 
fell uniformly with age.—Daovid C. Aiftine, M.D. 


Vor. 36, No. x 


RoBZRTSON, Joss, Rivers, D., NAGEL- 
scaMtET, G.. and Dexceu P.S UCM 
scaMIET, G., and Duncums, P. Stannosis; 
benign pneumoconiosis due to tin dioxide. 
Lancet. 1961, 7, 1089-1093. (Address: A. J. 
Rebertson, Royal Infirmary, Liverpool, Eng- 


lard.) 


In 195+, 121 patients were studied roentgeno- 

grapFicall» and were found to have peculiar densities 
on chest reentgenograms. The diagnosis was not con- 
firmed, bet was thought certainly to be a benign 
pneusnocoaiosis due to tin dioxide. 
The lures of 7 of these patients have been ob- 
tained from necropsy. This is a report of the findings 
after patbologic examination, chemical and x-ray- 
ditfraztior analysis, and x-ray-emission spectros- 
copy. 

Alshougn tin in various compounds is processed 
by these workers, it appears that when the ore is 
reduced asd smelted, the hot gases from the molten 
meta. are inhaled. This is thought to be the main 
cause of * stannosis" in the lungs. 

In che 7 patients observed, there was no significant 
pulmonary fibrosis and no evidence of silicosis. 
Chemical and x-ray-diffraction studies showed that 
the lungs eontained tin dioxide. 

The auhors confirmed the diagnoses, made six 
years prevoously, of benign pneumoconiosis due to tin 


dioxide. David C. Alftine, M.D. 








Semire T., and Lancasrer, W. M. Noisy 
preumothorax; observations based on 24 
cases. erit. M. F., 1961, 7, 1342 71346. (From: 
Vietorm Infirmary, Glasgow, Scotland.) 


A cotal of 24 patients with noisy pneumothorax 
in the past 10 years has been encountered. The pa- 
tents hawe presented chest findings of clicking, 
cracking, or crunching sounds at the cardiac apex 
with eft-sded pain. 

The youngest were 4 youths of eighteen years. The 
oldes: was a woman of thirty-six. Pain was severe 
initialy, bat gradually lessened within hours, while 
the noise eften lasted days. 

Fightee: patients had obvious pneumothorax on 
roentgenograms. In 4 others special studies were re- 
quired in arder to demonstrate the conditicn roent- 
genographecally. In 2 patients no abnormality was 
notec, but expiratory roentgenograms were not 
taker. 

Hamman's sign may be heard in traumatic or 
severe spentaneous mediastinal emphysema, but 
shallew lex pneumothorax is much more frequently 
the czuse. The authors list several serious conditions 
requiring cifferentiai diagnosis. 

Nosy pieumothorax is a benign condition, usually 
occuring m young healthy males, and is invariably 
left-szded. In a healthy patient with sudden chest 
pain this diagnosis cannot be excluded unless a 
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roentgenogram is taken in full expiration.— David C. 
Alftine, M.D. 


Smart, M. fL, and Spencer, E W. Bron- 
chiolar ectasia and bronchial gland dilata- 
tion. F. Canad. A. Radiologists, 3961, 7 2, 56- 
62. (From: University Hospita! Saskatoon, 
Sask., Canada.) 


The authors take exception to the idza “suggested 
in recent American literature" tha bronchiolar 
ectasia and bronchial gland dilatation are uncom- 
mon. In a review of 161 consecutive bronchograms, 
36 cases of mucous gland dilatation ard 10 cases of 
bronchiolar ectasia were found. In 2 of the cases dem- 
onstrating both abnormalities, bronchiectasis was 
also present. 

“Trapping” of contrast material (aqueous di- 
onosil) within ectatic cavities on days subsequent to 
bronchography was found to be of disgnostic value 
in doubtful cases of bronchiolar ectas.a. 

The authors feel that the presence of both bron- 
chiolar ectasia and mucous gland dilztation in the 
absence of bronchiectasis justifies the diagnosis of 
chronic bronchitis.-W. C. MacCarty, *r., M.D. 


ConNUbELLa, R., FrRecHILLA, L., Lorenzo, T., 
MARGARIT, Conti, J. REvENTÓs, and 
ALBERTÍ, A. La función ventiletoria en las 
bronconeumopatías congénitas; estudio de 5 


casos. (Pulmonarv ventilation studies in 
broncho-pulmonary congenital anomalies; 


study of 5 cases.) dun. med., Oct., 1960, 46, 
516-530. (From: Departamento de Ex- 
ploración Funcional del Servicio de Aparato 
Respiratorio del Hospital de la Santa Cruz 
y San Pablo de Barcelona, Barce‘ona, Spain.) 


Five cases are reported with comolete clinical, 
roentgenologic and pulmonary functior. studies. The 
cases include 2 aplasias of the left lung, a congenital 
cyst of the left lung secondarily infected with tuber- 
culosis, a polycystic left lung and a congenital 
bronchiectasis of the left lower lobe. 

It was found that there was a deficit in the pul- 
monary function in all cases. The deficit appears to 
be directly proportional to the precocity of the 
malformation and the amount of pulmonary tissue 
involved. The uninvolved lung appears to com- 
pensate partially by using its pulmonary reserve and 
increasing its output. This compensation appears to 
be about 15 to 30 per cent.—Cesar E Rosa Perez, 
M.D. 


Dracont, G., and Gaui, G. Le manovre di 
Valsalva e di Müller e la loro utilità nello 
studio radiologico di alcune manifestazioni 
patologiche del torace. (The urility of the 
Valsalva and the Müller maneuvers in the 
radiological study of thoracic pathologic 
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manifestations.) Radiol. med., Mar., 1961, 47, 
193-207. (Address: G. Dragoni, Orio-Litta, 
Milano, Italy.) 

The Valsalva maneuver consists of a prolonged 
forced and blocked expiration. The Miller maneuver 
is the inverse of the preceding and consists of a 
forced and blocked inspiration. 

During the Valsalva maneuver there is: (1) an in- 
crease in pulmonary transparence; (2) a better 
definition of the arterial tree; (3) reduction of the 
venous perihilar shadows; (4) a reduction or loss of 
fogging because of the diminished filling of the alveo- 
lar capillaries. 

The Müller maneuver is not particularly useful in 
the roentgenologic diagnosis of pulmonary paren- 
chymal pathologic manifestations. It may, however, 
have value in the differentiation of pulmonary vas- 
cular from parenchymal lesions. 

The Valsalva maneuver was, adopted for: (1) the 
demonstration of parenchymal metastasis which 
might be obscured by the vascular pattern; and (2) 
the recognition of hilar and mediastinal lymph- 
adenopathy which is rendered difficult, by the supra- 
imposition of vascular shadows.—/. 4. Blasi, M.D. 


Hemiey, SamueL D., Arma, Epwarp J., 
Dices, A. Mownoz, and FREEMAN, SUMNER 
L. Percutaneous cricothyroid membrane 
bronchography. Radiology, May, 1961, 76, 
763~769. (Address: S. D. Hemley, St. Luke’s 
Hospital, Amsterdam Ave. and 113th St., 
New York 25, N. Y.) 


This study is based on six months’ experience with 
42 consecutive transcricoid needle punctures for 
bronchographic examinations. The technique is de- 
scribed in detail. There were only three complica- 
tions directly related to the procedure. In one patient 
subcutaneous emphysema developed but cleared in 
three days. A second patient experienced hoarseness 
for one day. A third patient developed a brisk 
hemoptysis presumably from severe tuberculous 
bronchiectasis, and death from cardiac arrest en- 
sued during administration of anesthesia for bron- 
choscopy on the same day. 

With absorbable contrast medium, antibiotic con- 
trol, and careful attention to asepsis, the method 
appears to be safe, effective, and time saving, par- 
ticularly for departments of radiology in large and 
busy general hospitals. The frequency and serious- 
ness of the complications of this procedure appear to 
have been exaggerated in the past. 

Since submission for publication, 43 additional 
studies have been performed with one minor com- 
plication, subcutaneous emphysema of the neck 
discovered on a routine 24 hour post-drainage 
stüdy.—JP' alter H. Jarvis, Fr., MD. 


Garust, G. F. Opacification of the bronchial 
arteries in the living; (a new method of ex- 
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perimental demonstration). Radiol. clin., 
1961, 30, 65-75. (Address: Istituto del Radio 
dell'Università, Policlinica San Orsola, Bo- 
logna, Italy.) 


Opacification of the bronchial arteries during 
angiocardiography or aortography is rare and rather 
poor. Visualization of the bronchial arteries appears 
to be limited to cases in which they have become 
dilated in response to the diminished pulmonary 
arterial circulation which occurs in chronic lung 
disease or cardiovascular disease. 

The author has achieved better visualization of the 
bronchial arteries in dogs by performing retrograde 
thoracic aortography during acetylcholine induced 
cardiac arrest. He concludes that further experi- 
ments are necessary to define the possibilities and 
the practical importance of the method.—7. L. 
Williams, M.D. 


OnwvoNp, Rosert S., POZNANSKI, ANDREW K., 
and TEMPLETON, Arcu W. Pulmonary veins 
in congenital heart disease in the adult. 
Radiology, June, 1961, 76, 885-893. (Ad- 
dress: R. S. Ormond, The Henry Ford Hos- 
pital, Detroit 2, Mich.) 


The routine roentgenogram of the chest remains 
the base line for appraisal of the cardiac patient. The 
usual lesion encountered in congenital heart disease 
in the adult is monopathic; therefore, the radiologist 
can be quite accurate in his prediction of the ab- 
normality. The present study is directed to an 
analysis of the pulmonary veins in congenital 
heart disease in adults, since the pulmonary veins 
reflect the flow of blood through the lung fields. 

Four major venous channels are constant in posi- 
tion and can usually be identified on routine pos- 
teroanterior roentgenograms of the chest. They are: 
posterior division of the superior pulmonary veins, 
the superior and inferior divisions of the inferior 
pulmonary veins and the middle pulmonary veins. 
These vessels can be seen crossing the arterial chan- 
nels and entering the left atrium below the main 
pulmonary arteries. No value can be ascribed to the 
diameter of a normal vein, because there is con- 
siderable variation in vein size in normal patients. 
With experience a reasonably accurate appraisal of 
the deviations from normal is possible. The authors 
utilize a classification which separates the veins into 
five categories: (1) definitely reduced; (2) reduced to 
normal; (3) normal; (4) normal to increased; and 
(5) definitely increased. This is a gross division and 
subject to inexactness but it is of value when the 
appearance of the veins is correlated with the arterial 
and the cardiac configuration. 

Eighty-six patients were included in this study. 
Right heart catheterization was done in all, with 
determination of intracardiac, pulmonary artery, and 
pulmonary wedge pressures. The oxygen saturation 





of the bloccl was determined at suitable levels in the 
heart and pulmonary artery. Ten of the patients 
had undergone selective angiocardiography and i 
43 the lesions were confirmed at the time of correc- 
tive surgery or at zutopsy. 

In lesio.s such as pulmonary stenosis and pul- 
monary hwpertension, leading to shunt balance and 
reversal, ir which the cardiac output is reduced, the 
veins are enall. fa uncomplicated interatrial sepul 
defect, the pulmonary veins are definitely increased 
. Ir. patent ductus arteriosus with left-to- 
right shunz the veins are large. In cases with a 
balanced or a reversed shunt, the veins are smaller 
than those -een in normal patients and may approach 
the size of veins in severe pulmonary stenosis. In 
patients wth pulmonary hypertension, a successful 
ees regzilt depends upon the presence of a signif- 

cant left-to-right shunt. Vein size offers one more 
ae of valuatng the amount of such a shunt, 
d. W. Sommer, M.D. 











Levin, Birrrax, and Warre, Harvey. Total 
anomaleus pu/monary venous drainage into 
the portal system. Radiology, June, 1961, 76, 
894-90L. (Address: B. Levin: Michael Reese 
Hospita , Chicago 16, Ill.) 


Althougk many variations of anomalous pul- 
monary veaous drainage are known, the majority 
is supradisphragmatic with the veins emptying 
into the rigat side of the heart directly or via inter- 
posed vascelar channels. Some of these can be sus- 
pected from the characteristic roentgenographic con- 
tour of the aeart and great vessels. Total anomalous 
pulmonary venous drainage into infradiaphragmatic 
vessels is fer less common, comprising 10 to 20 per 
cent of all cases, and the drainage is usually into the 
portal vein or ductus venosus. These patients, how- 
ever, presert a chzracteristic and distinctive roent- 
genographic appearance of the pulmonary vascular 
pattern, rataer thaa the heart or great vessels, which 
permits acc arate diagnosis. 

Four cases of infradiaphragmatic total anomalous 
pulmonary zenous return are presented, each with 
similar characteristic pulmonary vascular markings. 
All were cyznotic white male infants who expired at 
approximat ly twe months of age. Diagnosis was 
established oy angocardiography in one case, and 
the 3 additonal cases were proved by autopsy. In 
each instanee the pulmonary veins joined to form a 
single trunk, which traversed the diaphragm either 
through the esophageal hiatus or a special hiatus 
just anterio to the esophagus, and emptied into 
either the aortal system (5 cases) or the ductus 
venosus (1 «asc). The expected shunt was provided 
by a large wentricular septal defect in 1 case and a 
patent ductas arteriosus in the other 3. Two of the 

cases with c paten: ductus also MET a patent 
foramen ove 

The inter stinë and characteristic feature in each 
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instance is a prominent mottled and finely reticu- 
lated appearance of the pulmonary v: de mark- 
ings which extends to the periphery of rie | ung fields. 

Kerley lines can be identified in the lurg bases, with 

varving degrees of clarity. These lines often are more 
apparent in the lateral view than in tke frontal. In 
all cases the cardiac size and contour are not ap- 
preciably altered from the normal which differs 
from supradiaphragmatic anomalous drainage and 
other congenital cardiovascular diseases with pul. 
monary vascular engorgement. In 2 cases the ante- 
mortem diagnosis was made from the chest roentgen- 
ograms. 

The authors, in conclusion, state that this anomaly 
might be amenable to suigicil correction. Although 
the pulmonary venous trunk isa thin walled channel 
with varying degrees of scarring, it could be trans- 
planted into the small left atrium whick is known to 
be atrophic and not aplastic. — Edward B. Best, M.D. 





ANDERSON, I. M., and Cores, H. M. T. Endo- 
cardial cushion defects. Brit. M. *., Mar. 11, 
1961, 7, 696-705. (From: The Westminster 
Hospital, London, England.) 


Misdiagnosing an endocardial cushioa defect as a 
simple ostium secundum patency maz be serious 
because the former cannot always be corrected sur- 
gically without the use of extracorporea’ circulation, 
The authors quote Bailey e al. and Watkins and 
Gross as stating that 10-15 per cent of cases 
operated for atrial septal defects have th.s more com- 
plicated lesion. 

They briefly discuss the embryology aad subscribe 
to the terminology used by Campbell and Missen. 
Thus, a Grade 1 defect includes persiszence of the 
ostium primum with splitting of the anzerior mitral 
cusp or the septal cusp of the tricuspid value, or 
both; Grade 11 includes, with the ostium primum, 
bifid atrioventricular valve cusps and a high ven- 
tricular septal defect; and Grade ur includes those 
with persistence of the common atrioventricular 
canal, 

Symptoms include failure to thrive, dyspnea, res- 
piratory infections and, commonly, czanosis and 
heart failure. These occur fairly early and the prog- 
nosis is poor. A widely radiating holosystolic murmur 
is the rule with a mid-diastolic murmur often asso- 
ciated; a thrill may be present. 

The authors feel that chest roentgenography often 
fails to differentiate these lesions from other septal 
defects with a predominant left to right shunt. They 
consider that the electrocardiographic pattern is 
highly characteristic and that catheterization is 
helpful. Angiocardiography is a definite diagnostic 
aid. They present 10 cases of this lesion with 2 cases 
of large ostium secundum defects which were mis- 
diagnosed as the above. Of the :0 cases, 5 died 
(without surgery) of pneumonia and/or congestive 
failure. OF s which were surgically corrected, 3 are 
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living and well. Both ostium secundum defects were 
repaired with 1 of the patients dying.—Jilliam H. 
Baker, M.D. 


GENITOURINARY SYSTEM 


Down, Conway. Asymmetry of the kidneys in 
disease of the main renal artery. J. Canad. A. 
Radiologists, Mar., 1961, 12, 15-21. (From: 
The Ottawa General Hospital, Ottawa, 
Ontario, Canada.) 


In a series of 100 normal intravenous pyelograms in 
patients with normal blood pressures, the author at- 
tempted to determine what degree and type of asym- 
metry can be accepted as a normal variant. In con- 
trast to the normal cases, there were 6 cases with 
asymmetry in which disease of the main renal artery 
was shown by aortography at operation or at post- 
mortem examination. 

It is recognized that there is normal asymmetry of 
the kidneys, the right kidney being shorter and 
thicker than the left. In addition to evaluating the 
length of the kidneys, the author determined the 
thickness of the parenchyma by measuring from the 
tips of the papillae to the nearest portion of the renal 
outline, at midlevel. 

It was found that in 73 per cent of the cases there 
was less than 1 cm. difference in length between the 
kidneys of the same subject. In 27 per cent there was 
asymmetry of I cm. or over. It was decided that 
asymmetry in length alone was of no significance. In 
the control series, when the kidney was 1 cm. or more 
shorter, the renal parenchyma was usually thicker. 
It was therefore concluded that, if asymmetry in 
length is accompanied by parenchymatous thinning 
of the shorter kidney of 3 mm. or more, this is sug- 
gestive evidence of main renal artery disease, and an 
indication for aortography. It is important, however, 
to be aware of the fact that absence of these findings 
does not preclude a renal artery lesion.—7. N. Ané, 
M.D. 


Sctron, Davip, Brunton, F. J., and Srarer, 
F. Renal artery stenosis. Clin. Radiol, Apr., 
1961, 72, 80-90. (From: Diagnostic X-ray 
Department, St. Mary's Hospital, London 
W.2, England.) 


Renal artery stenosis is now recognized as a signifi- 
cant cause of hypertension. In over 1,000 examina- 
tions by aortography for conditions such as aortic 
thrombosis, iliac stenosis or abdominal aneurysm, 
the authors have seen 20 cases of renal artery stenosis, 
usually as a chance finding. In this group, 11 individ- 
uals were known to have hypertension and 5 were 
known to be normotensive. As part of the investiga- 
tion of 260 known hypertensives who were subjected 
to arteriography for the purpose of finding or exclud- 
ing renal artery stenosis or other vascular disease, 26 
cases of renal artery stenosis were encountered. Nine 
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cases of stenosis were shown by selective renal arte- 
riography and 17 by direct aortography. 

Aortography may be performed using three differ- 
ent techniques. The first is simple translumbar 
aortography; the second is aortography by percutane- 
ous transfemoral catheterization; and the third is 
percutaneous selective renal aortography in which 
the opaque catheter tip is guided into the renal artery 
under fluoroscopic control. The particular method 
used is largely a matter of personal experience and 
preference. The selective method undoubtedly pro- 
duces the most detailed demonstration of the renal 
vascular tree with minimal injections of contrast 
material, but it may be technically impossible to per- 
form in cases of multiple renal arteries. 

The most serious side effects reported in the litera- 
ture have been renal damage and paraplegia, and 
there is little doubt that most of them have been due 
to excessive doses of contrast medium. The authors 
use 20 cc. of 76 per cent urografin as a maximum dose 
for free injections into the aortic lumen, and it is 
possible to obtain adequate visualization with lower 
doses. For selective renal angiography they generally 
inject 5 cc., or less, of 45 per cent hypaque or 60 per 
cent urografin. Great caution is necessary in the 
presence of impaired renal function, either bilateral 
or unilateral. The hypertension itself is an added 
hazard as it increases the tendency to hemorrhage 
and to the formation of large hematomas. 

The highest incidence of renal artery stenosis is in 
patients over forty years of age. The increased fre- 
quency in males reflects the predominance of ath- 
eroma in men. 

The lesions have been grouped into four grades of 
severity, determined by the degree of encroachment 
on the arterial lumen as seen on the angiograms. The 
stenosis is usually shown as a smooth narrowing of 
the lumen of the artery, and is nearly always less than 
1 cm. in length, usually only 2 to 4 mm. The presence 
of post-stenotic dilatation of the renal arteries was 
noted 19 times. The stenosis occurred at the origin of 
the renal artery or within 1 cm. of it in 36 instances. 
Good demonstration of the origin of the renal arteries 
will show or exclude the majority of stenoses, al- 
though the origin of one or other of the renal arteries 
is frequently obscured by the superior mesenteric 
artery. 

Certain clinical features may suggest the presence 
of renal artery stenosis: (a) unexplained hypertension 
in a young adult; (b) the sudden onset of malignant 
change in a patient known for years to be a hyperten- 
sive; (c) hypertension occurring in a patient with 
known general atheromatous disease; and (d) the 
presence of an upper abdominal bruit in a hyperten- 
sive patient. 

The importance of changes on the plain roentgeno- 
gram and pyelogram in cases of renal artery stenosis 
is stressed. The affected kidney is smaller than the 
contralateral one. The contrast material may be in 
greater concentration on the affected side, and its 
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exerstionamay be demonstrably less in quan tity. The 
calyses may appear relatively ‘ “spastic” on the af- 
fected side. This last-mentioned finding is fr equently 
Seen on ntravenous pyelograms. When it occurs 
bilagerall-, the most common cause is considered to 
beo: erm hdsaen ic dehydration of the patient in the 
preparati«n for pyelography. It reflects the low uri- 
naryoutput, and the appearance is due to underfilling 
of tke cal^ces rather than to “spasm.” When seen on 
one side caly, it may be due to other c causes, such as 
inflaanmaory lesions and calculi. 

Inc 1 cave seen on referral, renal artery stenosis on 
the feft side was suggested because of poor contrast 
on this sice together with an alleged left-sided bruit. 
Arte-iogrephy showed a normal left renal artery and 
stencsis o: the right renal artery. Re peat Intravenous 
urog-aphi. examination after strict water depriva- 
tion ^or twelve hours showed a much less marked 
difegence in the contrast values between the two 
kidneys. The appearances described are c learly due 
to the faet that the ischemic kidney continues to 
excrete a concentrated urine under conditions of 

wate: loac, while the contralateral kidney produces a 
very dilute urine, — Samuel G. Henderson, M.D. 





PancBiN:KAs, A. J., and Wyte, EpwiwN J. 
Roentgen diagnosis of f bromuscülar hyper- 
plesia ef the renal arteries. Radiology, Apr., 
1951, 7%, 634-639. (Address: A. J. Palubin. 
sk. Sy L epartment of Radiology, University 
of Zalisornia Medical Center, Sd Francisco 


22. Cal f. 


rnc hyperplasia of the renal artery has 
recen ly been reported as a cause of renal artery 


steno is are] secondary hypertension. The etwlogy of 


the lesion is unknown. It has been suggested that the 
hyperolasi. may be secondary to chronic st: retching 
of the renè artery in patients with kidneys that are 
more mobi s than usual. 

Heral arteriography is the definitive diagnostic 
examz3atica. The involved artery presents a distinc- 
tive appearance at arteriography. Tt may have an 
irregwar aopearance resembling a string of beads; 
constmcted areas may be single but are more often 
multimle; post-stenotic dilatation of the renal artery 
or its srancaes may occur, with the occasional forma- 
tion o: a berry aneurysm. Fibromuscular hyperplasia 
appears tc involve primarily the middle and/or 
distal third of the renal artery and may extend into 
the praxim | branches of the main renal artery. 

The authors report 11 patients with fibromuscular 
hyperslasic of the renal arteries seen within a two 
year pzrioc. The patients were all females between 
fifteemand pias. years of age, with hypertension 
knowr.to h. ve been present one week to twelve years. 
To dace, 9 of the patients have been explored sur- 
wicaily In each, the stenotic lesion in the renal artery 
was foand to be due to hypertrophy of the muscular 
elemerts amd, to a lesser extent, to the fibrous con- 
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nective tissue elements of the media of the vessels, 
Arterial reconstructive procedures were performed 
in all cases except 1 in which nephrectomy was done. 
Following operation, the blood pressure returned to 
normal levels in $ and FEMME sigaificantly in 3 
patients. 4rno W. Sommer, M.D. 


Wrreorskl, S ARD L., WHITLEY, JOSEPH a 
MescHan, l., and PAINTER, WILLIAM E. 
method ou parameters for the analysis i 
renal function by external scirtillation de- 
tector technic. Radiology, Apr., 1961, 76, 621 
627. (Address: R. L. Witcofs<i, Bowman 
Gray School of Medicine, Wins- oh- Salëm 7, 
N. C.) 


With the advent of ortho-iodohippuric acid p" 
(OIHA), better scintillation renograms have been 
obtained. It is now possible to compare right and 
left curves with greater confidence, anc theoretically 
to quantitate renal function. Various methods of 
analysis are possible. 

The authors’ method included renography, blood 
and bladder activity studies at thirty minutes, and a 
chart recording of blood activity. Tae main and 
plateau times of the vascular phase are determined, 
as are halt-secretory and excretory times; and blood 
clearance can be calculated. 

Details of equipment and techniques are presented, 

Parameters expressing the rates of secretion, excre- 
tion, and total renal function are given, as well as the 
normal values, including those for clea-ance studies. 

James C. Moore, M.D. 


Damanskl, M. Cysto-urethrograpay in para- 
plegia: its practical application. Erit. Y. Urol., 
Mar., 1961, 33, 67-75. (From: The Liverpool 
Regional Paraplegic Centre, Promenade 
Hospital, Southport, England.) 


Paraplegics are very prone to urinary difficulty 
and cystourethrography is a valuable means of in- 
vestigating the cause of urinary retention. 

The author describes his technique. The bladder 
is emptied with a catheter and 8 fluid oz. of 10 per 
cent sodium iodide solutionare injected, using a Riches 
syringe. One anteroposterior and 1 oblique roentgeno- 
gram are taken. Following this, a few eunces of the 
same contrast material are injected intc the external 
meatus and anteroposterior and oblique roentgeno- 
grams are obtained; this study visualizes the urethra. 
Finally, a roentgenogram is taken of the upper uri- 
nary tract to investigate reflux. 

The author believes that any significant obstruc- 
tion of the bladder neck or urethra wil be demon- 
strated by this examination. Different sites of ob- 
struction between the bladder neck, external 
sphincter, and posterior urethra are visualized. If the 
patients do not improve following surgery, the exami- 
nation is repeated. 
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Other abnormalities may be seen, such as diver- 
ticula of the urethra or bladder and other evidences 
of obstruction and infection. 

The author feels that this is a very valuable ex- 
amination in the urologic work-up of paraplegics.— 


George L. Sackett, Fr., M.D. 


KinkLAND, J.A. and Hasrock, MARGARET RAE. 
Transient proteinuria; following intravascular 
injection of contrast media. Lancet, Apr. 1, 
1961, 7, 693—695. (From: The Department of 
Pathology, University of St. Andrews 
[Queen’s College], and the Royal Infirmary, 
Dundee, England.) 


Because of numerous reports of renal complica- 
tions, including massive albuminuria following 
aortography, the authors investigated the occurrence 
of proteinuria in 53 patients subjected to intravenous 
pyelography and 14 to aortography. 

Results after Intravenous Pyelography. Proteinuria 
before injection was found in 16 patients and, of 
these, 3 became more positive following injection; 
the remainder were unchanged. Seven of the remain- 
ing 37 developed proteinuria, most of them to a slight 
degree varying from 30 mg./1oo ml. to 300 mg./ 
roo ml. One had massive proteinuria of 1,000 mg. 
/100 ml. This proteinuria lasted for two days in most 
patients, but in 2 it persisted for four days. 

Results after Aortography. The first 4 patients were 
examined by translumbar injection with 70 per cent 
pyelosil and all of these showed a massive protein- 
uria—from 730 mg. to 1,300 mg./1oo ml. The re- 
maining IO cases were examined by retrograde 
catheterization of the femoral artery using 7o per 
cent urokon as a contrast medium and only 1 of these 
patients had proteinuria, which was slight (100 
mg./100 ml.). 

The method of testing for protein in the presence 
of radiopaque contrast material is discussed and the 
authors recommend the paper strip tests "Albustix" 
and "Üristix," which do not give false positive re- 
sults under these conditions.—George L. Sackeit, Fr., 
M.D. 


SKELETAL SYSTEM 


Dauutn, Davin C., Coventry, Mark B., and 
Scanton, PauL W. Ewing’s sarcoma; a 
critical analysis of 165 cases. 7. Bone & Joint 
Surg., Mar., 1961, 43-4, 185-192. (From: 
'The Section of Surgical Pathology, the Sec- 
tion of Orthopaedic Surgery, and the Section 
of Therapeutic Radiology, Mayo Clinic and 
Mayo Foundation, Rochester, Minn.) 
Ewing's sarcoma is a highly malignant primary 

tumor of bone occurring chiefly in the second decade 

of life and affecting almost any bone. Because the 
nature of the parent cell is still in marked dispute, 
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the eponym “Ewing’s Sarcoma” must still remain 
to distinguish this specific entity. 

For many years after Ewing’s original description, 
the pathologic diagnosis of the condition was in- 
definite and a variety of neoplasms and some non- 
neoplastic conditions were included under this diag- 
nosis. With récent advances in the knowledge of 
bone pathology, the diagnosis is now made with 
greater exactitude. Ewing’s sarcoma may be defined 
as a highly anaplastic, malignant, small round cell 
tumor which is primary in bone and usually can be 
readily differentiated from other small round cell 
tumors. Occasionally, highly malignant tumors are 
observed in which the size and morphologic char- 
acteristics of the nuclei are intermediate between 
those of Ewing’s sarcoma and those of reticulum cell 
sarcoma. In such instances, correlation with the 
clinical findings serves to determine the correct 
classification. The small cells of Ewing's sarcoma 
characteristically occur in large islands which con- 
tain little or no connective tissue. Grossly, the tumor 
cannot be definitively distinguished from other 
tumor or, at times, from inflammatory processes. 

The authors report a study of 165 patients with 
Ewing's sarcoma seen at the Mayo Clinic from 1905 
to January 1, 1960, a group comprising somewhat 
less than 10 per cent of the total number of primary 
malignant bone tumors seen during the same period. 
In location, the femur was the most common site, 
being involved in slightly more than one fourth of 
the group; approximately three fourths of the tumors 
occurred in the pelvic girdle and long tubular bones 
of the extremities. Contrary to the widely-held tenet 
that Ewing’s sarcoma characteristically involves 
the diaphysis of long bones, it was found that the 
metaphyseal region was more commonly the epi- 
center of the growth. In age, the youngest patient 
was eighteen months and the oldest fifty-nine years. 
Nearly half of the cases occurred in the second decade 
and almost go per cent within the first three decades. 
Males predominated by a ratio of 101 :64. 

Whereas in the past the roentgenographic ap- 
pearance was considered to be relatively pathogno- 
monic, characterized by osteolysis without osteo- 
sclerosis and by an onion-skin layering of the sub- 
periosteal new bone, it was determined in this review 
that the findings were extremely variable and not 
specific. Many of the lesions contained zones of 
sclerosis. Radiating spicules from the cortex of the 
affected bone were not uncommon. The appearance 
of Ewing's sarcoma could be mimicked by several 
other malignant tumors, as well as by eosinophilic 
granuloma and osteomyelitis. The definitive diag- 
nosis, therefore, had to depend on microscopic ex- 
amination. 

'Treatment consisted of irradiation, amputation, 
local excision, curettage, and Coley's toxins in a 
wide variety of combinations and.for this reason it 
was difficult to evaluate the effectiveness of any 
one specific form of treatment. Of 79 patients with 


Abstract 


Si 


Vou. 86, Fo. € 


sarcematz in the extremities treated before 1955, 48 
recewed radiation as the first definitive therapy 
and 78 urderwent amputation as the first measure. 
The over-all five year survival was 15 per cent and 
the n vær survival was 10 per cent; 45 per cent of 
the patierts died within the first year and 7o per cent 
werexleac by the end of the second year. 

Na defnite conclusion could be drawn regarding 
the elati e effectiveness of irradiation and ablative 
surg ry. [radiation was of great value as a palliative 
measure, particularly for pulmonary metastases, 2 
patients urviving more than twenty years after 
suchtherepy.-~ Leslie K. Sycamore, M.D. 

Rausrox, E. L. (Philadelphia, Pa.) Legg- 
C.lvé-2erthes disease--factors in healing. 
J. Bore & Joint Surg, Mar., 1961, 43-4, 


2259-225. 


‘TEe au hor reports an analysis of 43 children with 
unilateral Legg-Calvé-Perthes’ disease recognized 
within thee months of onset and treated by a stand- 
ard methed throughout the course. The date of onset 
is as ume? to be the date of the first symptom; the 
end voint is defined as that time at which there is 
replezement by new bone in the capital epiphysis to 
the exten“ that a complete well-defined subchondral 
layer of bone is visible on both anteroposterior and 
lateral roentgenograms, and any defect remaining in 
the epiph *sis does not constitute more than 25 per 
cent of the epiphysis. It is recognized that some de- 
gree of reraodleing of the head and neck continues up 
to tks time of epiphyseal closure, but the definition 
permits a. precise and standardized period for com- 
para ive sudy. 

Cbronoogic age of the patients varied from four 
to el-ven and one half years with most of the cases 
fal'irz between four and seven years. Retardation of 
skelecal age averaged one year and nine months. 

Pe-centage of involvement of the epiphysis, with 
the zatho 's method of measuring on the rcentgeno- 
grams, varied from 10 to 100 per cent, with the 
greatest incidence falling between 50 and 80 per cent. 
Only 1 caze showed complete necrosis of the epiphy- 
sis. Fhe daration of the disease varied from eight to 
fifty-aine months, a wider range than reported by 
most authors. The largest number of cases fell be- 
tweea tweaty and thirty-five months. The degree of 
recowery, as measured by the comprehensive quo- 
tient of Feyman and Herndon, varied from 65 to 

co per cent, with the largest number falling in the 
8o tess p recent group. 

St dy ef the correlation of the various factors 
brought cat several conclusions somewhat at vari- 
ance with generally accepted principles. Whereas it 
has been requently asserted that the younger the 
child the rore quickly will the disease run its course, 
in this secies there was only a weak correlation. 
Cont-overzing the theory that the end result is better 
in th« younger child, no such correlation was present 
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between these two factors in this series. À weak cor- 
relation existed between the age at onset and the 
degree of involvement of the epiphysis, the greatest 
percentage of involvement occurring in the older 
patients. A high degree of correlation was shown 
between the extent of involvement of the epiphysis 
and the duration of the disease, but only a weak 
correlation was shown between the involvement and 
the final comprehensive recovery quotient. 

The author concludes with a plea fer judging the 
results of treatment on a careful amalysis of the 
roentgen findings rather than on clinical impressions. 
—Leslie K. Sycamore, M.D. 


Ponseti, IcNacio V., and Corros, Raren L. 
Legg-Calvé-Perthes disease ~ 2athogenesis 
and evolution; failure of treatment with l- 
triiodothyronine. J. Bone & Joint Surg, 
Mar., 1961, 43-4, 261-274. From: The 
Department of Orthopaedic Surgery, State 
University of lowa, lowa City, le.) 


The authors observed that the ep:physeal plate 
lesion in Legg-Calvé-Parthes' disease vas similar to 
the lesion observed in rats and rabbits fed diets con- 
taining aminonitriles. Since low doses of l-triiodo- 
thyronine suppressed the mild forms cf aminoaceto- 
nitrile poisoning in rats, it was decided to test the 
effect of this compound on children witn Legg-Calvé- 
Perthes’ disease. Forty-four children o” the same age 
and sex and with similar involvement cf the hip were 
paired, one member of each pair receiving treatment 
with Ltriiodothyronine. Similar orthopedic treat- 
ment was used in all cases. The perioc of treatment 
with the drug lasted from six to eighteen months. 

Biopsy specimens revealed that the bone of the 
femoral head was necrotic and the ep physeal plate 
cartilage was fibrillated and cracked. It was surmised 
that loss of the blood supply to the femoral head 
results from the interruption of the retinacular ves- 
sels when they cross the cartilage at tae edge of the 
disrupted epiphyseal plate. With revzscularization, 
the dead bone is replaced by living bene, either by 
the process of creeping substitution or by absorption 
of the necrotic bone by an advancing front of con- 
nective tissue, both processes often being inter- 
mingled. Direct creeping substitution & prevalent in 
the necrotic areas that are structurally well pre- 
served, whereas abundant fibrous tissue is promi- 
nently observed adjacent to collapsed aecrotic bone. 
On roentgenograms, structurally well-preserved 
dead bone is characterized by only sligatly increased 
density. This density increases during the process of 
replacement by creeping substitution ¿s new bone is 
laid down on the dead bone trabeculae. Collapsed 
areas appear on the roentgenogram as blotchy areas 
of increased density intermingled with more radio- 
lucent areas. 

In the earliest cases, the center of ossification of 
the femoral head is slightly denser anc smaller than 
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on the normal side. Some collapse is present in all 
patients. An increase in the width of the space be- 
tween the ossified portion of the femoral head and 
the inner wall of the acetabulum is observed in most 
early cases. Collapse occurs in the weight-bearing 
portion of the femoral head, the posterior portion 
being spared. 

Reconstruction of the necrotic femoral head oc- 
curs according to three patterns. Group 1 (most 
common type): the posterior third of the epiphysis 
is rebuilt at a fast rate; the bone density is increased 
at first and gradually becomes normal in one or two 
years with new bone being laid down over the dead 
bone and then slowly replacing it over a period of 
one or two years; the anterior half ossifies much more 
slowly than the posterior half with several months 
elapsing between the absorption of the dense necrotic 
bone and the formation of radiolucent new bone; the 
epiphyseal plate is slightly wide and irregular. Group 
u: the pattern of reconstruction is initially similar 
to that in Group 1; the collapse of the anterior two- 
thirds of the head, however, is very marked and, 
after absorption of the dead bone, this portion re- 
mains largely unossified for many months and even 
years. Group n1: the bone of the entire femoral head 
collapses and reossification is very slow and irregular; 
small areas of new bone reconstruction appear at 
different sites after several months; the epiphyseal 
plate is wide and irregular, with large areas of de- 
creased density extending deep into the metaphysis. 

The final shape of the femoral head is normal in 
Group 1, slightly flattened in Group n, and extremely 
flat in Group rr. Determination of the degree of 
severity of the epiphyseal plate lesion is of great 
prognostic value, the speed of reconstruction being 
proportional to the severity of this lesion. The width 
of the femoral neck is increased in all cases, pre- 
sumably owing to the increase in periosteal new bone 
formation along the neck. The primary lesion in 
Legg-Calvé-Perthes' disease appears to be a weaken- 
ing and disruption of the upper femoral epiphyseal 
plate. Aseptic necrosis of the femoral head results 
from the interruption of the retinacular vessels when 
they cross the cartilage at the edge of the disrupted 
plate. 

Studies of protein bound iodine and of the uptake 
of active iodine reveal no evidence of thyroid disease 
and recovery is not altered by the administration of 
large doses of l-triiodothyronine during periods of 
from six to eighteen months.—Leslie K. Sycamore, 
M.D. 


Brown, B. Sr.J. The radiologic features of 
bone changes in tuberous sclerosis with a case 
report. 7. Canad. A. Radiologists, Mar., 1961, 
12, 1-9. (From: The Department of Radiol- 
ogy, The Montreal General Hospital, Mon- 
treal, Quebec, Canada.) 


The author describes the roentgen features of 
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tuberous sclerosis with particular reference to the 
bone changes. The combination of bone changes in 
the presence of brain lesions is virtually diagnostic 
of the condition. In the investigation of epilepsy, 
mental deficiency and abortive forms of tuberous 
sclerosis, roentgenograms of the extremities and skull 
may be of considerable diagnostic value. 

Tuberous sclerosis occurs in the general popula- 
tion in about 1 per 150,000, and in institutions for 
epileptics and mentally defectives in about 0.6 per 
cent. Tuberous sclerosis is a defect in the histogenesis 
and organization of tissues with a tendency to the 
formation of hamartomas. In the literature reviewed 
by the author there were only four descriptions of 
pathologic bone lesions in definite cases of tuberous 
sclerosis. 

The roentgen findings occur mcre frequently in 
the brain (calcification in 80 per cent), the kidney 
(tumor-like nodules in 80 per cent}, and the hands 
and feet (cyst-like changes, subperiosteal new bone 
and cortical pitting in 66 per cent). Patchy areas of 
increased bone density occurred in the upper halves 
of the parietal bones in 48 per cent. Less frequently 
noted were patchy areas of increased bone density 
in the pelvis and spine. Sclerotic patches and, more 
rarely, fibrocystic changes were noted in the long 
bones and ribs. 

The differential diagnosis between tuberous sclero- 
sis and osteosclerotic metastases is dependent upon 
the presence of other types of associated bone changes 
in tuberous sclerosis. Brain calcification aids con- 
siderably in the differential diagnosis.— 7. N. Ané, 
M.D. 


GENERAL 


Bisrorr1, F., and Picnataro, E. Rapporti fra 
spessore di strato e nitidezza d’immagini in 
stratigrafia pluridirezionale.(Relation between 
thickness of the layer and clearness of the 
images in multidirectional stratigraphy.) 
Radiol. med., Dec., 1960, 46, 1127-1149. 
(From: Istituto di Radiologia dell’Universita 
di Genova, Italy.) 


The recurring problem of the choice of layer thick- 
ness in laminagraphy was demonstrated at the last 
International Congress of Radiology, held in Munich 
in 1959, where Frain and Gaucher spoke in favor of 
thin layers and Westra and Ziedses des Plantes in 
favor of thick layers. 

This paper deals with the effect of various layer 
thicknesses on the clearness of the images in multi- 
directional laminagraphy. It is based on practical 
experiments conducted for the past two years in the 
Institute of Radiology of the University of Genoa, 
under the guidance of Prof. A. Vallebona. 

The technical characteristics of multidirectional 
laminagraphy can be summarized as follows: (1) 
shading-off of a material point in a chosen surface; 
(2) lack of transport shadows; (3) a more complete 
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shadingseff of images than that obtained in uni- 
directio.al laminagraphy, resulting in a greater 
elimina£on of shadows which are in other layers; (4) 
longer exposure time (the minimum, in the Pluris- 
trator Z:ider used by the authors, is 1.8 sec); and (5) 
accurate portrayal of the images in the chosen layer. 

The authors have adopted multidirectional 
laminageaphy in the evaluation of certain parts of 
the skel tal system, such as articular surfaces, canals 
and fore mina, formations and ossicles of the inner and 
middle ar, the interruptions along the walls of cer- 
tain hoes (as in the petrous py ramids), mastoid 
cells (sr.all ce IIs) and p sinuses (large cells), 
mucosa af the sinuses, and the spongiosa of long and 
short bcnes. 

Frome these studies of the skeleton the authors 
conclude that a thick laver of 5 to 8 mm. gives a 
clearer mage of the structures on the laminagram. 
The onw exception to this general rule is noted on 
the lanznagrams of the spongiosa of the vertebral 
bodies.—4. F. Govoni, M.D. 








Camppatt, Joun A., KrarrE, Evcene C., 
Grav, Donato D., and McCrea, Atice L. 
Evaksation of film size in cineradiography. 
Radexlogy, April, 1961, 76, 606-613. (Ad- 
drese: J. A. Campbell, Indiana University 
Med cal Center, 1100 West Michigan Street, 
Indiznapolis 7, Ind.) 


Limized image detail remains the most critical 
obstacle to be overcome if cineroentgenography is to 
have a wider range of diagnostic usefulness. 

The .athors evaluate the relative merits of film 
size alous as a determining factor in the quality of a 
cine-im .ge. In order to do this, other factors must be 
controled: the resolving power of the image tube, 
image-trbe focus, scintillation effect, relative speed 
of the lens system and focal spot of the roentgen-ray 
tube. 

Image quality is judged by its resolution and its 
sharpnezs of detail. The greatest spatia. frequency 
or the marrowest bars and spaces that can be resolved 
by the ase of test objects is said to be the resolving 
power Lmit. The various test objects which may be 
used are the wire screen, General Electric lead reticle, 
"Ter-Peszossian contrast test object, Phillips electric 
brass rezicle, and the Indiana University test pattern 
used br the authors. This test pattern consists of 
divergirz and converging bars and spaces of varying 
lines per inch. This arrangement allows testing of 
the edg s of the field as well as the center. 

Reso.ition tests were carried out using various 
popular :6 and 3$ mm. film emulsions with this test 
pattern and, for comparison, with wire screen cloth 
and thesseneral Electric lead bar reticle. 

The authors conclude that, in clinica. cineroent- 
genograghy using currently available image intensi- 
fiers, medium and fine grain 16 mm. film emulsions 

can be expected to produce images of diagnostic 
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quality equal to those obtained with fast, coarse 
grain 35 mm. emulsions with the same radiation dose 
to the patient.—/Z. M. McBride, M.D. 


Boucek, Rogert J., Murray, WirtiaM P., Jr, 
and HegnNaNDEZ, Francisco A, Intercalative 
angiography; cardiovascular spot-filming. 
Radiology, Apr., 1961, 76, 26$~571. (Ad- 
dress: R. J. Boucek, 1550 N. W. Tenth 
Avenue, Miami 36, Fla.) 


Intercalative angiography or cardiovascular spot- 
filming is the electronically controBed spot-filming 
of an opacified portion of the cardicvascular system 
through the use of electronic devices which are acti- 

vated by the electrocardiogram to trigger a rapidly 

acting injector and to trip off the roentgen ray expo- 
sure in a predetermined time sequer.ce. Because the 
volume of the injected radiopaque material is small, 
high speed injections must be mad: via a catheter 
introduced into the area to be visua ized so that the 
bolus of material will be imposed between or within 
a cardiac cycle, thus producing a discrete localization 
of the substance at the selected sits. This obviates 
most of the limitations of the standard cardiovascu- 
lar roentgen-ray procedures and eliminates unneces- 
sary irradiation. In addition, repea> injections may 
be made during one examination. 

A more detailed discussion of the apparatus and 
the technique, including a few illustrative roentgeno- 
grams, is presented.—Walter H. Jarvis, Jr, M.D. 


Une, NarHaNIEL, and Bezau ter, Harvey B. 
Pseudo-pseudohypoparathyroxlism: report of 
three cases in one family. dan. Int. Med., 


Mar., 1961, 54, 443-451. (From: The C. F. 
Menninger Memorial Hospital, Topeka, 
Kan.) 


Pseudohypoparathyroidism (PH) was a term used 
in 1942 by Albright e£ al. to describe a group of pa- 
tients with round face, short stature, short meta- 
carpals and metatarsals, ectopic ossifications, high 
serum phosphorus and low serum calcium. This 
disease is distinguished from idiopathic hypopara- 
thyroidism by failure of the patienzs to respond to 
parenteral parathyroid extract wich an increased 
urinary excretion of phosphate. “en years later 
Albright described a case with mary of the clinical 
features of PH, but with normal values for serum 
phosphorus and calcium. He termed this pseudo- 
pseudohypoparathyroidism (PPH). 

The familial tendency of this Cisease has been 
noted and the authors report 3 pacients, a mother 
and two sons, meeting most of the clinical and chem:- 
cal criteria of PPH, Six other cases, first and second 
cousins of the patients, appeared to bear many 
superficial resemblances to the reported cases. 

The interesting question of the terminology for 
these diseases is discussed as well zs the inter-rela- 
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tionship between PPH and PH and the probable 
mode of inheritance.—George L. Sackett, Fr, M.D. 


RADIOISOTOPES 


STERLING, KENNETH, and Taspacunicx, MiL- 
TON. Resin uptake of I™-triiodothyronine as 
a test of thyroid function. J. Clin. Endocrinol. 
& Metabol., Apr., 1961, 27, 456-464. (From: 
The Department of Internal Medicine, New 
York State Psychiatric Institute, and the 
Department of Psychiatry, Columbia Uni- 
versity, College of Physicians and Surgeons, 
New York, N. Y.) 


Since Hamolsky and Freedberg and their associates 
first announced the I! triiodothyronine red blood 
cell uptake as a measure of the amount of circulating 
thyroid hormone, many groups have attempted to 
simplify the test by exposing the patient’s serum to 
an adsorptive resin rather than erythrocytes. 

The test described by the authors, while not a 
simple one to perform, seems the best resin test yet 
suggested. For those interested in performing it this 
interesting paper should be read in its entirety, but 
briefly the method is as follows. The resin IRA-400, 
one of the amberlite family of resins, is converted 
from the chloride form, in which it is supplied, to the 
formate form by washing with 1 M sodium formate 
solution adjusted to pH 5.0+0.2. The resin is washed 
until free of chloride ion and stored at 5? C. under 
sodium formate solution. The resin appears to be 
stable for atleast four months in this form. All opera- 
tions until the final washings and count are carried 
outata temperature of 2-6? C. Two ml. of test serum 
is added to 0.2 ml. of a solution containing an amount 
of I |-triiodothyronine with no more than o.2 ug. 
per ml., and with a specific activity appropriate to 
the counting apparatus used. After shaking in a cold 
bath for 15 to 45 minutes, 1 ml. aliquots of the 
serum-triiodothyronine solution are added to tubes 
containing 1 ml. of washed resin and shaken for 9o 
minutes at the low temperature. Only during count- 
ing are the samples not maintained at a cold tem- 
perature. It is pointed out that warming to room 
temperature is to be avoided, since this increases the 
resin uptake. In the authors' laboratory, duplicate 
determinations on a given serum usually agree within 
I to 2 per cent as do the values for a given serum run 
at different times. 

The authors tested the procedure in 35 normal 
patients and 44 patients with active thyrotoxicosis. 
Twenty-eight typical cases of myxedema and hypo- 
thyroidism were also tested, and values were deter- 
mined for 11 pregnant women. 

Results in the uptake of I!!! triiodothyronine were: 
in hypothyroidism, 27::3.3 per cent; euthyroid 
subjects 35 £2.2 per cent; thyrotoxicosis 537.8 per 
cent. In pregnancy these values were depressed to 
the hypothyroid level or lower. Differences were 
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found to be statistically significant, and apparently 
more reliable than duplicate determinations of 
erythrocyte uptake, and then the results by the resin 
test described by Mitchell. In cases of low TBG, as 
in the nephrotic syndrome, there is an elevated resin 
uptake eyen though the concentration of free thy- 
roxine is normal and the patient is euthyroid. As 
with other tests of this family results are not influ- 
enced by contamination with organic or inorganic 
iodine.—Frederick F. Bonte, M.D. 


Bowers, C. Y., Murison, P. J., Gorpon, 
Douctas L., and Lockz, Witura. Effect of 
thyrotropin on the serum protein-bound 
iodine level in various thyroid states (TSH- 
PBI test). F. Clin. Endocrinol. (8 Metabol., 
Apr., 1961, 27, 465—471. (From: The Depart- 
ments of Medicine, Louisiana State Univer- 
sity School of Medicine, Ochsner Clinic, and 
Tulane University School of Medicine, New 
Orleans, La.) 


Single intramuscular injections of thyroid stimu- 
lating hormone (TSH) were administered to 22 nor- 
mal subject and 67 patients with thyroid disease, 
including secondary myxedema. Resulting changes 
in the serum protein-bound iodine (PBI) concentra- 
tion were measured. Twenty-four hours after injec- 
tion of 5, 1o or 20 units of TSH the mean rises in 
PBI concentration for normal subjects were 1.3 
ug. 0.6 to 2.8 ug. + 1.0 per ml. In general, rises were 
abnormally low in patients with diffuse thyroid 
disease, whereas they were normal in patients with 
focal thyroid disease or pituitary failure. In some of 
the patients who had nontoxic nodular goiter, re- 
sponses were abnormally high. The significance of 
this phenomenon is not understood. 

Because of the fact that TSH raises the PBI and 
thyroidal I! uptake so little in patients with thy- 
roiditis, the authors suggest the use of a TSH-I™ or 
TSH-PBI test to differentiate Hashimoto's disease 
from other nontoxic nodular goiters—Frederick 7. 
Bonte, M.D. 


Detter, D. J., Germar, H., and Wirrs, L. J. 
Effect of food on absorption of radioactive 
vitamin By. Lancet, Mar. 18, 1961, r, 574- 
577. (From: The Nuffield Department of 
Clinical Medicine, Radcliffe Infirmary, Ox- 
ford, England.) 


Baseline determinations were made by administer- 
ing Co? labelled vitamin Bis to § normal volunteers, 
5 hospital patients with disease not associated with 
absorption of vitamin By, 5 patients with pernicious 
anemia and remission, and 21 patients who had had 
a partial gastrectomy for peptic ulcer one to eighteen 
years before the test. These tests were performed in 
the fasting state, as usual. 
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The tests were repeated in all of these individuals 
bv giviag a test dose of Co vitamin By with a vita- 
mn Be free meal. 

In tke ro normal subjects and in the 5 who had 
peznicieus anemia the administration of food had no 
efect, »ut in the group of patients who had under- 
cre partial gastrectomy the absorption of Co?? 
viamig By was significantly enhanced when the 
tet dose was given with food. In some patients in 
whom the absorption of vitamin Bi; was grossly sub- 
normal the efect of food was comparable with that 
of the atrinsic factor. The authors, therefore, con- 
clede that the administration of a fasting dose of 
radioactive vitamin Bp is not a reliable method for 
decermming the ability of the patient to absorb 
viramir Bi; when gastrectomy has been performed. 
Frederik Y. Bonte, M.D. 











Deccan, H. E and Weyer, Dororny L. 
Results of treatment of malignant neoplastic 
disease with radioactive colloidal gold( Au!*5); 
an analysis of 60 cases. Canad, M.A.J., May 
5, 161, Sy, 1coo-1003. (From: The Univer- 
sity Hospital, University of Alberta, Edmon- 
ton, Alberta, Canada.) 


Radisactive colloidal gold was first used intra- 
pecitoneally in 1947 by Hahn. Since then many re- 
ports o` various workers have appeared in the litera- 
ture. Tae method is especially suited for body cavity 
irridiason, The particle size, .003 to .007 u in diam- 
eter, aed the short half life make even irradiation 
possible with no damage to surrounding tissues. It 
has been used in the pleural and peritoneal cavity, in 
cystic brain lesions, and in the prostate. 

This paper gives the results in 60 cases treated. 
The methods used are discussed and graphs showing 
the irradiation pattern are included. Good results 
occurred when the gold was used prophylactically at 
operatisn for carcinoma of the ovary with no de- 
menstrible implants. However, these results are 
rezlly mot definitive, since the patients might have 
survived without this treatment. 

The over-all results indicate that palhation was 
the main effect. It had no value in cases of carcinoma 
of the bronchus. 

Sixty patients were treated by instillation of Au 
in an zttempt to reduce or stop fluid production, 
diminish tumor size or prevent metastatic spread. 
Fity.feur had malignant effusions; 6 were treated 
prophysactically. There were 7 cases of prostatic 
carcinoma, and 3 of cystic brain tumors. Carcinoma 
of the evary with ascites (25 per cent) showed good 
results with an average survival of nine months. The 
ovariar carcinomas without ascites showed good 
results in most cases (5 survived, 1 died). Carcinoma 
of the srostate (41 per cent) showed some improve- 
ment. 

This paper is very informative. The results are 
about the same as those reported elsewhere —pallia- 
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tion only, but the procedure is one more modality 
of aid.—Eva S. Carey, M.D. 


Sarasin, RavuoNp. Les compications de la 
télécobalthérapie. (Complications of teleco- 
balt therapy.) Radiol. Clin., Nov., 1960, 29, 
346-356. (From: Service de Radiologie de 
l'Hópital Universitaire de Genève et du 
Centre de Télécobalthérapie, Geneva, Swit- 
zerland.) 


The complications following treatment by high 
energy radiation. did not differ siznificantly from 
those observed in conventional radietherapy. Higher 
tissue doses, up to 8,000 r, may be employed in some 
cases, although usually for tumors such as those of 
the esophagus and bronchus only 4,000 to 5,000 r 
tissue dose is used for preoperative irradiation and 
this is usually given in five to seven weeks. 

If a tumor which has extensively infiltrated the 
interstitial tissue is destroyed, this will leave a large 
region which needs filling in and mar actually lead to 
complication. In addition, there are individual fac- 
tors: certain patients seem to underzo necrosis while 
others treated with the same technique do not have 
any complications. 

Preoperative irradiation is used whenever possible 
for the following reasons: (1) to diminish the degree 
of activity of the tumor; (2) to dim nish the volume 
of the tumor, which may be of aid to the surgeon; 
(3) to utilize the more radiosensitive state of the 
tumor, which becomes less sens tive postopera- 
tively because of changes in vascularity; and (4) to 
treat the general condition of the patient during 
irradiation, which, in turn, better »repares him for 
surgery. Also, patients can scarcely support the 
effects of irradiation after such operative procedures 
as pneumonectomy or extensive esophagectomy.— 
Charles M. Nice, Jr, M.D., Ph.D. 


MISCELLANEOUS 


Ler, J. A. H. Acute myeloid leukaemia in 
adolescents. Bri. M. Y. Apr. 8, 1961, 7, 
988-992. (From: Social Medicine Research 
Unit of the Medical Research Council, 
London Hospital, London, Enzland.) 


The death rate from leukemia is high in young 
children, and then falls to a minimum in early adult 
life. Previous studies show that, in males, the decline 
in the leukemia death rate during edolescence is in- 
terrupted by a transient rise. This ezcess mortality is 
not a new phenomenon, but has been observed at 
least as far back as 1911—15. A stadv of this phe- 
nomenon is now reported. 

Analyses of the leukemia mortality data for Eng- 
land and Wales, Scotland, the United States, and 
for Canada were made. In each of these four coun- 
tries the decline of the death rate stops at about the 
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age of 13 in males, and rises to a new peak at 
about 17. A further decline then occurs and continues 
until the late twenties. In females there is evidence 
ot a similar trend, but it is less marked. In the United 
States and Canada the rise in the mortality rate in 
females appears to occur earlier than in males. 

The data from England and Wales suggest that 
the death rate from leukemia in males aged 15-19 is 
about 6 per million per annum greater than would be 
expected if the trend of the rates with age were not 
interrupted in this period. The male population of 
this country in this age group is 1.4 million, so that 
the whole effect described in this paper is due to 
about 10 cases occurring annually. This figure gives 
a measure of the difficulty of studying the problem. 
However, the smallness of the numbers is due to the 
rarity of leukemia of any sort rather than to the 
smallness of the rate increase in adolescents. There 
is no evidence on which to base any discussion of the 
relationship of these cases of leukemia to radiation. 

The high leukemia rates in male adolescents are 
matched by corresponding increases in admissions to 
hospitals for acute infections of the lower respiratory 
tract. In females the rise in the number of hospital 
admissions for these conditions is similar, but, as 
already pointed out, in England and Wales at least, 
the change in the female leukemia rate is less marked. 
These are interesting findings, because in children 
under the age of 10, Stewart (1961) has put forward 
evidence that pneumonia may induce leukemia after 
a short latent period.—George Tieosky, M.D. 


Court Brown, W. M., and Dori, R. Leu- 
kaemia in childhood and young adult life; 
trends in mortality in relation to aetiology. 
Brit. M. FJ., Apr. 8, 1961, 7, 981-988. (Ad- 
dress: W. M. Court Brown, Director of the 
Medical Research Council’s Clinical Effects 
of Radiation Research Unit, Western Gen- 
eral Hospital, Edinburgh, Scotland.) 


There is good reason to believe that the different 
clinical and cytologic types of leukemia represent 
distinct diseases. Thus, there are major differences 
between the age and sex distributions of chronic 
lymphatic, chronic myeloid, and acute leukemia. 
Furthermore, ionizing radiations have been shown 
to cause chronic myeloid and acute leukemia, but 
they have not been shown to cause chronic lymphatic 
leukemia, and the geographical distribution of the 
first two types differs from that of the last in that 
chronic lymphatic leukemia is relatively rare in the 
Far East. Finally, recent cytogenetic data have 
demonstrated the existence of a specific chromo- 
somal abnormality in many cases of chronic myeloid 
leukemia, but, to date, not in any other type. 

An analysis has been made of the mortality rates 
from leukemia among children and young adults 
under the age of 30 years in England and Wales 
during the period 1911-1959. Similar data for other 
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countries have been examined over a shorter period. 

Estimated mortality rates for acute lymphatic 
leukemia showed a maximum at the age of 3 years 
in both sexes. The mortality rate fell to a minimum 
at ages 25—29 years, with only a slight check at ages 
15-19 years. The mortality from acute myeloid 
leukemia varied less sharply, but showed two peaks 
—at ages 2-4 years and 15-19 years. The reduction 
in the mortality figures for acute lymphatic leukemia 
in late adolescence and the peak in the childhood 
mortality rate from acute myeloid leukemia may be 
due to misclassification. The mortality from both 
types of chronic leukemia was low throughout the 
age range studied, but there was evidence of an in- 
crease in the mortality from chronic myeloid leu- 
kemia above the age of 20 years. 

Between 1911 and 1959 the mortality increased 
fairly steadily in each five year age group and in each 
sex. The average rate of increase was approximately 
4.5 per cent per annum under the age of 10 years and 
slightly less than 4 per cent per annum at ages 20-29 
years. The age groups 0-4 years and 15-19 years 
showed no increase in the last 10 years. Part of the 
increase is likely to be spurious and due to such 
factors as better case-finding and improvements in 
the therapy of infections; but it is difficult to ac- 
count for the continued increase at young adult ages 
by these factors alone. Data for the last 15 years 
suggest that there has been a real increase in chronic 
myeloid leukemia and in acute myeloid leukemia 
over the age of 15 years. 

Before 1920 there was no evidence of a childhood 
peak in the mortality from leukemia. A peak mor- 
tality was present at ages 2—3 years from 1921 to 
1939, and since 1940 the peak has become more pro- 
nounced. Mortality rates for the white population of 
the U.S.A. since 1940 have been similar, but at a 
higher level. Peaks in the childhood mortality have 
not been observed in the nonwhite population of the 
U.S.A. or in Japan.—George Tievsky, M.D. 


GARLAND, L. Henry. Cancer of the thyroid and 
previous irradiation. Surg., Gynec. & Obst., 
May, 1961, 772, 564-566. (From: The De- 
partment of Radiology, University of Cali- 
fornia, Medical School and San Francisco 
General Hospital, San Francisco, Calif.) 


The author compares statistics of several investi- 
gators and finds that the claim that previous irradia- 
tion about the nasopharynx and mediastinum con- 
tributes to development of carcinoma of the thyroid 
has no real proof. These comparative studies are 
impressive in their results. 

Clark in Chicago encountered 13 cases of thyroid 
carcinoma in children who had a history of irradia- 
tion. The calculated dose was about 18-6o r. Uhl- 
mann followed 480 of 2,500 children who had had 
previous irradiation and he found no carcinoma. 
Simpson and associates reported 1 case in an infant 
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to whom 3,000 r was delivered. This dose was obvi- 
ousl* exeessive and is conceivably related to the 
subsequeat neoplasm. Snegireff was unable to find 
any zases of leukemia or thyroid cancer in cases with 
a hstory of previous irradiation. Latourette and 
Hodzes studied 847 patients who had had thymic 
irraclatica and they found 1 case of thyroid cancer 
consrastel to a normal expectancy of o.06. Conti 
and Patton studied 1,564 irradiated cases. Evidence 
of sabseguent carcinoma was thoroughly searched 
for and, even though 4 cases would normally be 
expected no case was found; 1 case of leukemia was 
expected but none was found. 

Tae aethor estimates that during the years 1925 
to 1945 x least 4,020,000 infants received irradiation 
to tie mediastinum, either for treatment or during 
examination. The death rate for carcinoma of the 
thysoid up to 1958 has been static. 

F-om : search of all available literature one must 
conclude that an etiologic connection between low 
dos: nec irradiation and subsequent thyroid cancer 
cansot ke regarded as established.-—Eva $. Carey, 
M.D. 





GaziBA.DI, G., and GuauraNTINI, P. H pro- 
keme del trattamento della iperplasia timica 
it rapporto a: supposti pericoli della roent- 
pente-apia e ai risultati della cura medica. 
(The problem of treatment of thymic hyper- 
pasia in relation to the supposed Rm of 
roentgen therapy and to the results from 
raedical therapy.) Radiol. med., Dec., 1960, 
4, 1129-1182. (From: Reparto di Radiologia 
Cspecale Pediatrico del Bambino Gest, 
Fome, Italy.) 


Ia the first half of this century the treatment for 
thymic ayperplasia was in the majority of cases 
limied to roentgen therapy; the first report dates 
bacz to a paper published by Friedlander in 1907 
(St: tus Lymphaticus and Enlargement of the thymus 
with a Report of a Case Successfully Treated by the 
X-ray. ch. Pediatr., 1907, 24, 490-501). In analyzing 
the sevezal statistics on this matter the authors note 
thaz, at seast in the United States, the highest peak 
in tie use of this treatment was reached in the years 

9332-1941 and that the number of cases so treated 
sloely diminished until, in 1950, roentgen therapy 
for thymic enlargement was almost completely 
abandored. A similar attitude, although to a lesser 
extent, was noted in Europe. 

The principal arguments against the use of ioniz- 
ing radiation in the treatment of thymic enlarge- 
meat are the following: (1) through the years radiolo- 
gists hawe become aware of the fact that in a number 
of eases an apparent widening of the superior medi- 
astmum is not secondary to an enlarged thymus but 
to arteficts related to the position of the patient, 
stage of inspiration, etc.; (2) not all thymic hyper- 
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plasias are accompanied by symptoms and, therefore, 
there is no need to treat such cases; (3) the usefulness 
of the adrenocorticosteroids in the treatment of this 
condition has been demonstrated; aad (4) several 
papers have been published on the lete appearance 
of carcinoma, particularly of the thyroid gland, in 
individuals previously treated by roentgen rays for 
thymic enlargement. 

The authors review and discuss this topic as it is 
evaluated today, particularly in the light of the most 
recent information published in the American litera- 
ture. 

In relation to the roentgen diagnosis of thymic 
hyperplasia, the authors analyze the technical factors 
which not infrequently lead to the inccrrect diagnosis 
of enlargement of the thymus, and the other patho- 
logic conditions of the thymus whica could be in- 
correctly interpreted as hyperplasia. 

It is well known that in about 60 per cent of the 
cases an enlargement of the thymus dces not produce 
any clinical symptoms. In these cases and in a few 
others in which symptomatology is m nimal, there is 
no need for medical or roentgen therary. The authors 
point out that the clinical picture, and not the 
roentgen findings, should determine whether to con- 
sider any treatment. 


Several papers in recent medical literature deal 
with the use of adrenocorticosteroids. The immediate 
results obtained by the authors are very satisfactory 
but after some time the symptoms tead to reappear 
in a certain number of cases. To obtain a satisfactory 
result one must administer a dose of « mg. of ACTH, 
or 1.5-2 mg. per kilogram of predniselone per diem. 
These dosages are not without danger and, in the 
authors’ opinion, adrenocorticosteroid therapy in 
infants is rather hazardous, particularly, if the treat- 
ment is prolonged. 


Over the past ten years, and almos: exclusively in 
the American literature, several papers have pointed 
out the relationship between roentgen therapy for 
thymic hyperplasia and cancer of the thyroid. It 
seems to the authors, however, that one reason for 
this high incidence is the different technique of ir- 
radiation adopted in the United States, where rather 
large fields have been used. In European Depart- 
ments of Radiotherapy the emphasis was and is on 
the use of very small fields, so that the thyroid gland 
cannot be included in the portal of entry of the 
radiation beam. Latourette and Hedges report a 
series in which there was only 1 case of thyroid car- 
cinoma, and that in a patient who was irradiated 
through a large field. Similar conciusions on the 
importance of a small field were drawn by Conti 
et al, in 1960. 


The authors conclude by recommending roentgen 
therapy for only those cases in which. it is indicated 
after a complete evaluation of the clinical and roent- 
gen findings. The importance of small fields is 
emphasized.—4. F. Govoni, M.D. 
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MaraBÉ, G., AMIEL, J.-L., and BERNARD, JEAN. 
Traitement de souris AkR à l’âge de six mois 
par irradiation totale suivie de transfusion de 
cellules hématopoiétiques allogéniques. Ín- 
cidences respectives de la leucémie et du 
syndrome secondaire. (Treatment of AkR 
mice at the age of six months by total irradia- 
tion followed by transfusion of allogenic 
hematopoietic cells. Respective incidence of 
leukemia and the secondary syndrome.) 
Bull Assoc. franç. de l'étude du cancer, July- 
Sept., 1960, 47, 331—340. (From Centre de 
Recherches de l'Association Claude-Bernard, 
Hôpital Saint-Louis, Paris, France.) 


In this experiment, mice of the AkR strain showed 
spontaneous induction of leukemia. These mice were 
treated at the age of six months by a lethal dose of 
irradiation followed by a transfusion of myeloid cells 
of adult or fetal C3H or CgBlg. The control mice died 
of leukemia between the sixth and fourteenth months 
(median, eight months and eighteen days). The 
mice treated as above also died between the sixth 
and fourteenth months but the median age at death 
was seven months, thirteen days. Apparently these 
animals did not die of leukemia but, rather, died of 
the changes induced by the treatment. The secondary 
syndrome includes lymphoid aplasia, hyperplasia of 
pyroninophilic cells and necrotic changes in the liver 
and spleen.—Charles M. Nice, Jr., M.D. 


Boyp, ExizapeTu, BucHANAN, W. Warson> 
and Lennox, BERNARD. Damage to chromo- 
somes by therapeutic doses of radioiodine. 
Lancet, 1961, r, 977-978. (From: Western 
Infirmary, Glasgow, Scotland.) 


Last October, Tough, Buckton, Baikie and Court 
Brown reported that roentgen rays applied to the 
spine in the relatively heavy doses used in treatment 
of spondylitis ankylopoietica produced a shower of 
chromosomal abnormalities in cultures of the blood. 
This observation opens up the possibility of a bio- 
logic comparison of the effect on the marrow of dif- 
ferent forms of irradiation. The authors point out 
that very little is known of the dose actually received 
by structures other than the thyroid, when radio- 
iodine is administered in treatment dosage for the 
thyroid. It was decided to try to find out whether 
treatment with radioiodine had an effect on chromo- 
somes similar to that of spinal irradiation. 

"Tough and associates noted a fall in the proportion 
of cells with the normal chromosome number, and 
the appearance of chromosomes with structural ab- 
normalities. These structural changes consist of 
dicentric abnormalities and fragments. These are 
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both extremely rare in nonirradiated cultures. The 
authors state that they have never seen a dicentric 
chromosome in any other material. They also believe 
that there is some indication that structural ab- 
normalities appear later and persist longer than ab- 
normalities in number. They feel that it is already 
justifiable to conclude that radioicdine can produce 
changes not very different in degree from those de- 
scribed by Tough and associates as following a single 
dose of 250 rads to the spine. These findings raise the 
question whether radioiodine therapy can cause leu- 
kemia. In a few reported cases leukemia has followed 
such treatment. Pochin made a very extensive sur- 
vey of this treatment in thyrotoxicosis, and con- 
cluded that the incidence of leukemia could have 
been due to chance. However, the larger doses used 
for thyroid cancer metastases may well carry a more 
substantial risk, especially when they are repeated 
several times. 

Six brief case reports of patients treated with ra- 
dioiodine are included, with a chart of chromosome 
counts.—Douglas S. Kellogg, M.D. 


STEWART, Jonn S. S., and SANDERSON, ANN R. 
Chromosomal aberration after diagnostic x- 
irradiation. Lancet, 1961, r, 978—979. (From: 
Department of Surgery, and Department of 
Zoology, Queen's College, Dundee, Scotland.) 


Chromosome damage in man induced by thera- 
peutic irradiation has recently been reported by 
Tough and associates. The authors have observed a 
similar type of chromosomal aberration in leuko- 
cyte culture of the peripheral blood from a pa- 
tient with medullary dysgenesis (chromatin-positive 
Klinefelter’s syndrome) shortly after exposure to di-- 
agnostic irradiation. The report of Tough and associ- 
ates that dicentrics and other chromosome aberra- 
tions may be induced by therapeutic irradiation in 
vivo prompted the authors to recheck their data. It 
was recalled that the patient had been exposed to 
diagnostic roentgen rays before the blood sample 
was taken for culture. 

A blood sample was used to set up a culture of leu- 
kocytes, which was harvested three days later. 
Thirty-one plates of high technical quality were suit- 
able for analysis. In 29 the sex chromosome consti- 
tution was XXY, and the chromosome number was 
47. In the other two plates an abnormally long and 
apparently dicentric chromosome was present. The 
aberration might have been induced by the diagnos- 
tic irradiation im vivo or by background radiation. It 
is also possible that it might be related to patient’s 
abnormal karyotype, or it could have arisen in cul- 
ture. Further work is necessary to investigate these 
possibilities —Douglas S. Kellogg, M.D. 
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tient's card, the DOSE DELIVERED and the time of 
IRRADIATION. This is a very usefu feature (Op- 
tional). 


AUTOMATIC SHUT OFF of the X-Rays when a PRE- 
SET DOSE has been delivered. 


OTHER DOSIMETERS 


PTW ‘‘Bomke’’ Instantaneous Dosimeter—Specislly de- 
signed for measurement oi very small deses such as i 
Radium treatment in Gynecology, Urologr, ete. Also fo 
general use. 


PTW “Simplex-Universal’’ Dosimeter—Ths lowest nriced 
dependable dosimeter with very small chambers suitable for 
ntracavity measurements. For ere measurement of 
the Integrated Dose (not the D 1) is required, It is 
automatically indicated numerically on counter, Can 
also be supplied with an Automatic Shut-Off and also with 
a Printing Counter 

PTW ''Condiometer'" Dosimeter—For use waen a number of 
unlimited points of Simultaneous Measurements are re- 
quired. 

PTW ‘‘Diamentor’’—A Diagnostic Dosi 

measuring the Radiation in I 

Also Personal Protection Dosimeters, F: 

Counters, 
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THE SPECTRA OF X RAYS SCATTERED 
IN LOW ATOMIC NUMBER MATERIALS 


By W. R. Bruce, M.D., Ph.D., and H. E. Jomns, Ph.D., F.R.S.C. 


The complicated effects of multiple scattering have always presented a major difficulty 
to analysts of X-ray beams traversing matter. In this Supplement the authors describe 
how the Monte Carlo method of computation may be used to allow for multiple scatter- 
ing when studying the penetration of X-ray beams. A full discussion of their combina- 
tion of analytical and Monte Carlo methods is presented and much information on the 
apa of X-ray beams in the photon energy range from 50 to 1250 keV is provided in 

e form of graphs and tables, with the main emphasis on data for beams traversing 
water. This Supplement will interest all those concerned with the use of X rays in 
radiotherapy and in radiobiological studies. 


Price: 19s. 6d. $2.00 (One copy is allowed to each member at 7/6d—U.S.A. $1.50) 


SUPPLEMENT No. 10 


DEPTH DOSE TABLES FOR USE 
IN RADIOTHERAPY 


(containing 77 tables, three full-page and two half-page graphs) 


The value of central axis depth dose and related data in radiotherapy was evident from 
the heavy demand made for Supplement No. 5 (1953), "Central Axis Depth Dose Data". 
When stocks of the latter were exhausted three years ago, it was decided to revise the 
original data in the light of more recent experimental work, and to extend the coverage 
to the higher energies now coming into general use. This task was undertaken by the 
Scientific Subcommittee of the Hospital Physicists’ Association. 

The new edition contains nine main sections covering electromagnetic radiations 
ranging from Grenz rays (H.V.T. 0.01 mm of Al) up to 31 MV betatron X rays, and in- 
cluding electron beams (2 to 30 MeV). Every effort has been made to ensure that tables 
are adequately explained as to origin, possible sources of error and limitations of ap- 
plicability. Where significant differences from the earlier data occur, they are discussed 
by the individual reviewers of the sections concerned. 

This Supplement provides the most comprehensive selection of central axis data in 
existence, and has been compiled by acknowledged experts in the field. 


Price: 45s. $7.50 (One copy is allowed to each member at 82/6d—U.S.A. $6.50) 
obtainable from 


THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 
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~ he penumbra diaphragm of the 'Orbitron' cobalt therapy equipment 
Sharply defines the fields with diaphragm leaves at minimum distance 
fom the skin. Easily attached, and with micrometer adjustment of 
tangsten copper blocks moving parallel to the sides of the beam, the 
penumbra diaphragm provides a far higher standard of beam defini- 
ton than hitherto possible in cobalt therapy. 

l'eally suited to stationary field work, the A.E.l. 'Orbitron' also 
r-ovides the most accurate facilities for both ‘pin and arc’ and iso- 
cntric positioning techniques. Precise movement of the cobalt 
source around the patient coupled with back and front pointers 
ensures rapid and accurate positioning of all fields. 

With a source of 2,000 curies of cobalt the treatment dose available 
ie 90 r/min at 60 cm, yet with shutter closed, the 'Orbitron' emits 
only 0.6 mr/hr at 1 m. 


Wite for full technical data to: AEI Instrumentation Division 
X Ray Department, 132-135 Long Acre, London, W.C.2, England. 


BD | 


Instrumentation Division 


... WITH PENUMBRA DIAPHRAGM SYSTEM g 







VICTROMETER 
X-RAY DOSEMETER 


A portable quartz fibre 
electrometer-twoe instru- 
ment for consistently acc- 
urate determination of X- 
ray doseage or ntensity in 
r per min. Mains energised 
and entirely seit-contained. 
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Retrograde pyelography 
"without serious reactions" 


Unlike other retrograde contrast 
media, which produce a high 
reaction rate (25-35%), side 
effects are negligible with 
Retrografin—a unique agent that 
combines Renografin with neo- 
mycin, bactericidal agent of 
choice for addition to urographic 
media. Efficacy and virtual ab- 
sence of side effects have been 
amply confirmed in three 
reports covering a total of 340 
patients, ^*^ 


Clinicians are impressed by the 
diagnostic quality of films taken 
after Retrografin; well-defined 
radiographs, uniformly excellent 
in detail, have been consistently 
obtained."? Retrografin permits 
retrograde pyelography in pa- 
tients with a known or suspected 
active urinary infection. More- 
over, with Retrografin, new in- 
fection or spread of established 
infection does not occur.^?* 
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Squibb Diatrizoate Methylglucamine 
Injection U.S.P. with Neomycin Sulfate U.S.P. 





Supply: Retrografin is supplied in 25 cc. and 50 cc. vials containing Renografin 30% with 2%% Neo- 
mycin as the sulfate. Also available: Renografin-30 in vials of 50 cc. 


For full information, see your Squibb Product Reference. 


"RETROGRAFIN^(3)) AND ‘RENOGRAFIN’® ARE SQUIBB TRADEMARKS. 


References: (1) Brimberg, J.; Berlowitz, H. D.; Schwinger, H. N.; 
Renner, M. J.; Lopyan, M.; and Beilouny, R.: New York State J. 
Med. 59:2186 (June 1) 1959. (2) Roth, R. B.; Kaminsky, A. F.; and 
Hess, E.: J. Urol. 74:563 (Oct.) 1955. (3) Bloom, J., and Richard- SQUIBB 
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Economical...Proven Roller-Type 
System of X-Ray Film Processing 


<< PAKOROL-XM PROCESSOR 


oS 
SMALL 44 inch long base 
EFFICI ENT Fast 7 minute uniform processing A 
LOW COST Priced to fit any X-Ray department 


The Pakorol-XM is a prov- 
en, automatic system for 
processing and drying X- 
Ray film the hangerless way 
—complete roller operation. 
Occupies less than 10 sq. ft. 
of space. It is designed for 
efficient, economical proc- 
essing in the private office 
or clinic, and small as well 
as large hospitals who wish 
to diversify processing sta- 
tions. Let the Pako Plan- 
ning Service show how a 
Pakorol-XM Processor will 
fit your X-Ray department. 
For complete information 
contact your Pako Distrib- 
utor or write to Pako Cor- i 
poration. Pakorol-XM Processor—Left Hand Installation Illustrated 
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THE TINY PAKOROL-XM HAS BIG FEATURES: 
e Full worm driven racks, no chains € Capacity of 110 mixed size film per hour 
e Right and left hand installation e Processes all brands of medical screen 


* Quiet, roller-type operation film in sizes from 4" x 4" thru 17" x 36" 
e 7-minute total processing time sheet film. Roll film in widths of 17" or 
e No. 4 Satin Stainless Steel finish less. 
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THE PERFORMANCE OF SCREEN INTENSIFICATION 
AND CINEFLUOROGRAPHIC SYSTEMS* 


By RUSSELL H. MORGAN, M.D. 


BALTIMORE, MARYLAND 


T IS a great honor and privilege to speak 

to vou today on the occasion of the An- 
nual O ation of the Philadelphia Roentgen 
Ray Society. It is appropriate that this 
year’s cration has been dedicated to the dis- 
tinguisaed engineer, Mr. H. Clyde Snook. 
Technclogic advancement in the field of 
Radiolegy has never been more rapid than 
in the last few years. Yet, such progress 
has been possible only with the sound 
physical and engineering foundation which 
men like Clyde Snook laid for Radiology 
during the early period following the dis- 
covery of the x-ray. His tireless efforts to 
develop and build apparatus which had 
practical usefulness to the radiologist 
opened the way for physicians everywhere 
to reap the enormous benefits of the x-ray. 

I am indebted to Mr. Charles Smith and 
to Dr. Richard Chamberlain for much of 
the infermation I have to tell vou about 
Mr. Sneok. Dr. Herbert Stauffer has kindly 
given me valuable data as well. 


HOMER CLYDE SNOOK: A HISTORICAL 
SKETCH 


Homer Clyde Snook was born in 1878 in 
Antwer», Ohio, the son of Wilson H. and 


Nancy Jane Snook. After the completion of 
his primary education in the public schools 
of that city, Snook became & student at 
Ohio Wesleyan University and received his 
A.B. degree there in 1900. At the time 
Röntgen made his discovery of the x-ray, 
Snook was a student of Professor W. G. 
Hormell in the university's Department of 
Physics. Because both were enormously 
interested in Róntgen's discovery, thev at 
once began experimental work to produce 
x-rays in their laboratory. “ollowing a 
period of several days of intense activity, 
activity which rarely has been paralleled, 
Snook and Hormell were successful in put- 
ting together a system which indeed gen- 
erated x-ravs. 

Although Snook taught for a short time 
at Allegheny College after his graduation, 
much of his life was spent in Philadelphia. 
Snook’s decision to move to tais city was 
fortuitous for there is little doubt that much 
of his success came as a result of the en- 
vironment provided by this outstanding 
center of Clinical Radiology. Snook not 
only had the opportunity to test his ideas 
with many of the world's finest radiolo- 
gists, but of even greater importance he 


“From tze Department of Radiology, The Johns Hopkins University and Hospital, 
Presentec as the H, Clyde Snook Annual Oration at The Philadelphia Roentgen Ray Society, November 10, 1360. 
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Fic. 1, The Hittorf tube. 


received from these men a scientific stimu- 
lation seldom equaled anywhere. 

The story of Snook is inseparable from 
the story of Radiology during the first two 
decades of this century. The source of the 
x-radiation which Róntgen discovered and 
which Snook soon duplicated in Ohio was 
a tube variously known at different times 
as the Geissler tube, the Plucker tube, the 
Hittorf tube, and the Crookes tube. All 
were essentially the same in basic design 
and were constructed for the study of the 
characteristics of electrical discharges in 
gases. These tubes had a cathode and an 
anode (Fig. 1). The anode, however, was 
in such a position that when the gas was 
ionized within the tube by the presence of a 
high potential across the two electrodes, 
electrons were projected from the cathode 
on the glass at the far end of the tube. The 
electron bombardment of the glass caused 
it to fluoresce with a green color. Although 
these tubes had been used as far back as 
1859 by Plucker, it remained for Róntgen 
to discover that, in addition to green 
fluorescence, x-rays were also produced by 
the electron-glass interaction. Interestingly, 
at the time of Róntgen's discovery, the at- 
tention of more than one American physicist 
was being directed toward the inexplicable 
fogging of unopened packets of photo- 
graphic plates placed in the neighborhood 
of a Crookes tube. 

Professor Róntgen did not discover the 
x-ray by accident. As related in an anony- 
mous account written for the Snook- 
Roentgen Manufacturing Company of Phil- 
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adelphia in 1916, Sir James Mackenzie 
Davidson told Mr. Snook his recollections 
of an interview with Professor Röntgen in 
Würzburg shortly after the discovery of the 
rays. Sir James stated that he asked the 
question, “What were you doing with the 
Hittorf tube when you made your discov- 
ery?” “I was looking for invisible rays,” 
replied Röntgen. “What mace you use a 
barium platino-cyanide screen?" “In Ger- 
many we use it to reveal the invisible rays 
of the spectrum, and I thought it a suitable 
substance to detect any invisible rays the 
tube might give off." The sudden shining of 
that screen led to one of the greatest 
scientific discoveries of history. 

In the twenty to thirty vears following 
the discovery of the x-ray, Snook played a 
vital role in technologic developments in 
the United States. Although he is known 
for many things, Snook's greatest contri- 
bution undoubtedly was the sc-called inter- 
rupterless x-ray transformer shown in Fig- 
ure 2. For the first dozen years after the 
discovery of the x-ray, roentgenologists and 
physicists employed induction coils (Fig. 3) 
and static machines (Fig. 4) to develop the 
electrical potentials needed to produce 
x-rays. These instruments, however, had 
many disadvantages including the limited 
power which could be delivered to the x- 
ray system. 

It was at this stage of the development 





Fic. 2. The Snook interrupterless x-ray transformer. 
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of x-ray apparatus that Snook, together 
with his colleagues Herbert White and Ed- 
win Kelley, organized the Radioelectric 
Company which a few months later became 
the Roentgen Manufacturing Company. 
Their first office and workshop was a second 
story back room at 226 Ionic Street, Phila- 
delphia (Fig. 5). These modest quarters, 
which were in one of the oldest sections of 
Philade phia, were destined to be the birth- 
place cf Snook’s major contribution to 
Radiolezy. 

In endeavoring to find some means to 
prevent the inverse current from passing 
through an x-ray tube, Snook made a 
thorough analysis of the erratic perform- 
ance of the induction coil by taking oscil- 
lograph.« readings of a coil of the Ruhm- 
kortf type in the Randal Morgan Labora- 
tory of Physics at the University of Penn- 
svlvanic. His report, published Janu- 
ary, 19C7, was the first comprehensive study 
of the vagaries of this type of apparatus. 
During ais investigations he devised a high- 
tension synchronous spark gap and from 
the osczlographic readings made with this 
apparatus conceived the idea of using recti- 
fied alternating current for exciting the x- 
ray tube. His first step was to replace the 
induction coil with a closed core trans- 
former, after which he developed the rotat- 


ing rectifying switch which became so 
closely dentified with his name. 


The experimental design and early pro- 
duction of the interrupterless transformer 





Fic. 3 


3. The Queen induction coil. 
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Fic. 4. A typical static machine used in the genera- 
tion of x-ray tube potentials early in this century. 


was done in the little back room on Ionic 
Street and the first unit for hospital use 
was installed in the Jefferson Hospital i 
Philadelphia in June of 1907. After this time 
there followed a rapid replacement of the 
induction coil with the transformer. In 
1908 Mr. Snook described his machine in a 
paper given before the International Roent- 
gen Congress in Amsterdam. He also 
visited England and Germanv and after 
that time for a number of vears the inter- 
rupterless transformer was manufactured 
widely throughout the world. 

It may be worth recording that one of the 
earliest transformers manufactured by 
Snook was sold to Baetjer at The Johns 
Hopkins Hospital in 1907. Historians of 
this conservative institution in Baltimore 
may someday comment on the fact that 
this equipment was still in operation, car- 
rying a heavy clinical load, as late as 1946. 

Snook plaved an important role in radio- 
logic developments in Philadelphia. He was 
among the founders of the Philadelphia 
Roentgen Ray Society and was active in 
its affairs until he moved from Philadel- 
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Fic. 5. The birthplace of the interrupterless trans- 
former, 226 lonic Street, Philadelphia, Penn- 
sylvania. 


phia in 1916. Following his departure from 
Philadelphia, Snook became Vice-Presi- 
dent of the Victor Electric Company of 
Chicago. From 1918 to 1925 he was a 
member of the engineering statf of the 
Western Electric Company. In 1925 he 
joined the Bell Telephone Laboratories and 
in 1927 he became an independent con- 
sulting engineer. 

Snook was a Fellow of the American 
Institute of Electrical Engineers and of the 
American Physical Society, and a member 
of the American Roentgen Ray Society. He 
was also the recipient of many honors, 
including the Edward Longstreth Medal of 
the Franklin Institute in 1919, the Gold 
Medal of the Radiological Society of 
North America in 1923 and the Gold 
Medal of the American College of Radiol- 
ogy in 1928. He was honored by his alma 
mater in 1926, when he was granted a 
degree of Doctor of Science. H. Clyde 
Snook died in Summit, New Jersey, Sep- 
tember 22, 1942. 


Russell H. Morgan 


DECEMBER, 1961 


The world owes much to Clyde Snook. 
He brought distinction to his profession. 
Although the march of progress now has 
left Snook and his contemporaries far be- 
hind, we should not forget the contribu- 
tions made by these dedicated men, for 
without them we should not be where we 
are today. 


PRINCIPLES OF SCREEN INTENSIFICATION 

I should like to turn now to the field of 
screen intensification and cinefluorography, 
two areas in which Snook undoubtedly 
would have been intensely interested if he 
were still alive. In my discussion of these 
subjects I should like to speak first of screen 
intensification and to refer briefly to a 
number of the fundamental principles upon 
which it is based. Such a discussion is neces- 
sary as a prelude to my comments on 
cinefluorography, since without screen in- 
tensification cinefluorography would have 
little more than theoretic interest to the 
radiologist due to the excessively large 
radiation doses which must de used when 
non-intensified techniques are employed. 

When the useful beam of an x-ray 1s 
projected through an anatomic or other 
structure, many and some times most of the 
photons which comprise the beam are 
absorbed. A few, however, pass through the 
structure to emerge on the other side. If 
these are allowed to fall on a fluorescent 
screen, some are absorbed and their energy 
is converted into light. 

If all anatomic tissues absorbed x-ray 
photons equally, the number received. by 
the fluoroscopic screen would be uniform 
from one portion of the screen to another 
and, hence, the light generated by the 
screen would exhibit no image pattern. If, 
on the other hand, some tissues absorbed 
more x-ray photons than others, the bright- 
ness of the screen would not be constant 
from one point to another but instead would 
vary in accordance with the configurations 
of the anatomic structures through which 
the radiation passes; that is, the screen 
would bear an image pattern. Although 
many tissues absorb x-rays nearly equally, 
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others. because of differences in density 
and/or atomic number do not. Therefore, 
the images of many anatomic components 
may be recorded fluoroscopically and 
roentgenographically. 

From the description of the manner in 
which fluoroscopic images are produced, it 
will be clear that the diagnostic information 
recorded by a fluoroscopic screen ‘s carried 
from patient to screen by the myriads of 
x-ray photons which comprise the x-ray 
beam. Indeed, each transmitted photon 
carriesa certain small increment of diagnos- 
tic infermation and it is the sum of all of 
these bits of data which governs the total 
quantity of diagnostic information recorded 
by the screen at any instant. The amount 
of information provided by a screen can 
never be greater than that carried by the 


photons which impinge upon it. It, of 


course, can be less if such factors as fluoro- 
scopic grain size do not permit efficient 
utilization of the information carried by the 
photons. The point that must be empha- 
sized, however, is that the diagnostic in- 
formation provided by a fluoroscopic screen 
can be no greater than the sum of all of the 
increments of information carried to the 
screen bv the photons of the x-ray beam. 
What aas been said for the fluoroscopic 
process is also valid, of course, for roent- 
genography and for cinefluorography. 
Since each x-ray photon mav be as- 
sumed to have associated with it a certain 
amount of diagnostic information, it follows 
that when an x-ray beam of high radiant 
intensity is projected through a patient, the 
detail mecorded on a fluoroscopic screen 
will be considerably greater than when a 
beam of low intensity is used. In the first 
instance, there are a great many x-ray pho- 
tons carrying diagnostic information and 
hence tae detail of the resultant image is 
relatively good: in the second instance, the 
number of x-ray photons is smaller and 
hence less diagnostic information is avail- 
able and degradation of image quality re- 
sults. That this is true may be easily 
demonstrated if one fluoroscopes a patient 
first with an x-ray tube current of 5 ma. 
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and then with a current of o.§ ma., all other 
factors being equal in the two situations. 
Fluoroscopic image detail will be observed 
to be substantially greater when the higher 
x-ray tube current is used. 

The foregoing discussion provides a quali- 
tative understanding of the fluoroscopic 
process. For a quantitative evaluation of 
fluoroscopic performance, it is necessary 
that we turn our attention to the quantum 
statistics of physiologic optics. 

It has been shown by physiologic experi- 
ment! that the performance of the eve meas- 
ured in terms of its ability to record visual 
data 1s largely limited by statistical fluctua- 
tion in the number of light photons reach- 
ing the retina. Although most individuals 
are unaware that such fluctuation exists, it 
nevertheless is present to a greater or lesser 
degree under all viewing conditions and 
ultimately determines the fineness of struc- 
ture that the eve can perceive. Fluctuation 
of course does not constitute the only factor 
which limits visual performance. In diag- 
nostic radiology, such factors as the diam- 
eters of the retinal rods and cones and a 
large number of physical factors associated 
with the x-ray equipment and recording 
media also introduce limitations. However, 
these factors only contract the limits al- 
readv set bv statistical theorv and hence 
are of secondary importance in a discussion 
where the fundamentals of data recording 
are under examination. 

In general, the statistical fluctuation in 
light intensity which occurs at the retina 
of one's eve is proportional to the square 
root of the average number of photons pro- 
jected on the retina within the storage time 
of the eve (about 0.2 second). For ex- 
ample, if the eve is observing an object 
I mm. in diameter at a viewing distance of 
20 cm., the number of photons reaching the 
retina from the object during each 0.2 sec- 
ond will be of the order of one million at 
normal levels of illumination. Therefore, 
the average fluctuation in light intensity at 
the retina from moment to moment will be 
approximately the square root of one mil- 
lion; that is, the fluctuation will be of the 
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order of +1,000 photons or about +0.1 per 
cent of the average light intensity. Now, if 
the illumination of the object is reduced to 
levels comparable to those occurring at 
fluoroscopy, the effective number of pho- 
tons reaching the retina within 0.2 second 
may be as small as 100. Accordingly, such 
a number will have an associated average 
fluctuation of +10 photons or +10 per cent 
of the average light intensity. Hence, when 
the illumination of an object is reduced, 
the per cent fluctuation in the rate at which 
photons arrive at the retina increases. 

The effect of this fluctuation will be evi- 
dent if one considers the situation which 
occurs when the 1 mm. object under ob- 
servation is surrounded by a field whose 
average illumination is 5 per cent greater 
than that of the object; that is, the con- 
trast between the object and the surround- 
ing field is 5 per cent. Under such a condi- 
tion, if the object is observed under normal 
illumination, where the fluctuation in 
brightness from moment to momentis 0.1 
per cent, the fluctuation will not interfere 
noticeably with the perception of the ob- 
ject. On the other hand, if the illumination 
of the object is at a level corresponding to 
that occurring in fluoroscopy where the 
fluctuation is of the order of +10 per cent, 
the object may at one moment appear 
darker and at the next moment lighter 
than the surrounding field. Obviously, 
such variation will interfere markedly with 
the perception of the object and will create 
considerable confusion in the mind of the 
observer. 

The magnitude of the statistical fluctua- 
tion which occurs from moment to moment 
in the number of photons received by the 
eye of an observer during fluoroscopy and 
the extent to which such fluctuations 
quantitatively affect image perception have 
been the subject of exhaustive study.’ It 
has been found that the magnitude of the 
fluctuation is largely governed by that 
stage of the fluoroscopic process where the 
photon intensity (Ze, the number of 
photons per unit area per second) falls to 
its lowest level and that the limits set by 
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this fluctuation on the size of the smallest 
image which an observer can detect is 
given by the formula: 


5 


= Capa C7 (1) 


where d is the diameter of the smallest per- 
ceptible image in millimeters, C is the per 
cent contrast of the image, ¢ is the storage 
time of the eye in fluoroscopy or the ex- 
posure time of the film in cinefluorography 
and z is the number of photons per second 
emerging from each square millimeter of 
the image during that stage of the fluoro- 
scopic or cinefluorographic process when 
the photon intensity falls to its lowest level. 

Figure 6 is a graphic presentation of the 
photon intensities which exist during the 
several stages of the fluoroscopic process. 
Stage 1 is a plot of the x-ray photon in- 
tensity prior to the beam's absorption by 
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Fro. 6. Quantum diagram of the conventional fluoro- 
scopic process during the examination of: A, the 
anteroposterior chest; B, the anteroposterior ab- 
domen; and C, the lateral lumbar spine. 
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the patient under examination. The data 
are fcr a flLoroscope operating at go kvp., 
and x ma., «ith 3 mm. of aluminum filtra- 
tion aad a tube-screen distance of 27 inches. 
Stage 2 plots the photon intensitv after the 
beams absorption by A, a typical adult 
antereposte-ior chest projection; B, a 
tvpicz | adult anteroposterior abdomen pro- 
jectioa and C, a typical adult lateral lum- 
bar spine projection. Stage 3 is a plot of 
the photon intensitv absorbed by the 
fluoroscopic screen; Stage 4, the light 
photoa intensity emitted by the screen; 
Stage 5, the number of light photons per 
seconc emitted by 1 sq. mm. of screen sur- 
face aad ad nitted by the pupil of the eve 
when the viewing distance is 20 cm.; and 
Stage 6, tae number of these photons 
which after admission to the eve, stimulate 
rhe re ina. 

It vill be observed that the stage at 
which the rumber of photons per square 
millimeter per second reaches its lowest 
level is Stage 6, the stage at which photons 
are admitted to and stimulate the retina. 
When the data for Stage 6 are substituted 
in equation (1), the minimum perceptible 
images whica can be seen at various levels 
of con rast for the three fluoroscopic pro- 
jections under consideration may be easily 
calculated. The results of such calculations 
are shown in the dotted curves of Figure 7. 
The so id curves represent measured values 
of visual performance made on normal sub- 
jects. The ability of quantum statistics to 
deserike the performance characteristics of 
the eye is apoarent. 

It wall be observed from a perusal of 
Figure 6 tha-, if a screen intensifier with a 
photon intensification of 40 or more times 
were introduced between Stage 4 and Stage 
5 of the fluo-oscopic process, the stage at 
which she photon intensity reaches its low- 
est lev-l would no longer be Stage 6 but 
instead would be that at which x-ray pho- 
tons ars abso-bed by the fluoroscopic screen 
G.e., Szage 3:. Under these circumstances, 
the quantum diagram for the antero- 
posterier chest projection would be that 
shown m the s2//4 curve of Figure 8. Again, 
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OBJECT DIAMETER - MM 
Fic. 7. Relationship existing between the diameter of 
the minimum perceptible image and image con- 
trast during: A, anteroposterior chest fluoroscopy; 
B, anteroposterior abdominal flueroscopy; and C, 
Jateral lumbar spine fluoroscopy. Dotted curves 
represent values calculated from quantum statis- 
tics. Solid curves represent measured values of 
visual performance in normal subiects. 
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Fic. 8. Quantum diagram of the fluoroscopic 


processes when aided by screen intensification. 
Solid curve indicates data for a viewing distance 
equivalent to 20 cm. Dotted curve indicates data 
when viewing distance is equivalent to 100 cm. 
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Fluorescent screen 


Fic. 9. X-ray screen intensifier of 
image amplifier type. 


the data assume a viewing distance of 20 
cm. It will be seen that, with the screen 
intensifier, the lowest level to which the 
quantum diagram descends is considerably 
higher than that when an intensifier is not 
employed. A considerable improvement 
may therefore be expected in the fineness 
of structure which may be perceived when 
such a device is used. Indeed, from Figure 
8 and equation (1), the improvement should 
be of the order of 6 diameters. 


IMAGE AMPLIFIERS 


The most widely used type of screen in- 
tensifier is the electronic image tube or im- 
age amplifier,'? an instrument which is 
shown schematically in Figure 9. This de- 
vice consists of an evacuated glass envelope, 
at one end of which is an x-ray fluorescent 
screen located so as to intercept the x-ray 
photons emerging from the structure under 
eXamination; it is similar to the screens 
used in conventional fluoroscopy. A thin 
photoelectric layer is mounted on the 
screen’s internal surface. 

At the other end of the tube is a 
second fluorescent surface, whose diameter 
usually is only a small fraction of that of 
the first. This surface serves as a viewing 
screen and is backed with a thin aluminum 
layer to prevent its light from reaching the 
photoelectric surface at the other end of the 
tube. Between the two ends of the tube are 
placed a number of cylindrical electrodes 
which serve as electron lenses when suit- 
able potentials are applied to them. Such 
an intensifier operates in the following man- 
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ner: radiation from a conventional x-ray 
tube is projected through the structure 
under examination and is allowed to im- 
pinge on the tube's input fluorescent screen. 
In response to the light generated by this 
screen, the photoelectric layer emits elec- 
trons having a spatial distribution propor- 
tional to the brightness of the screen; that 
is, the fluorescent screen converts the x-ray 
image into a light image whereupon the 
photoelectric layer creates a corresponding 
electron image. Electrons from the photo- 
electric layer are accelerated through the 
length of the tube under the influence 
of the electrical potentials applied to the 
cylindrical electrodes and fall on the view- 
ing screen at the tube's distant end. The 
impingement of electrons on this screen 
produces a visible image which duplicates 
the pattern of the x-ray fluorescent screen. 
However, due to the acceleration of the 
electrons within the tube, the brightness of 
the viewing screen is many times greater 
than that of the x-ray screen. The bright- 
ness is further enhanced by the fact that 
the size of the former is small compared to 
that of the latter. The observer views the 
intensified image by means of an eyepiece 
or other optical system to bring the image 
back to normal perspective. In most screen 
intensifiers of the electron image type, the 
intensification ranges from 500 to 3,000 
times. Of this, however, from 30 to 100 
times is the result of the minification of the 
image. Only 25 to 5o times is due to an 
actual increase in the number of light pho- 
tons. 

The improvement in fluoroscopic vision 
obtainable with intensifiers of the image 
amplifier type approaches the theoretic 
levels predicted by the data of Figure 8 if 
a viewing distance is used in which the 
visual field subtends the same angle to the 
eye as that when a conventional fluoro- 
scope is viewed at a distance of 20 cm. Un- 
fortunately, however, image amplifiers to 
be clinically practical require that the 
optical system place the viewer at an 
equivalent position substantially greater 
than 20 cm. from the screen. Indeed, 


equivalent viewing distances in excess of 
i m. must be employed. Under these 
circumstances, the number of light photons 
admiteed to the eve is substantially re- 
duced. the performance of the intensifier is 
therefere degraded, and the quantum dia- 
gram of the fluoroscopic process assumes 
the pattern shown by the dotted curve in 
Figure 8. It will be seen that in this case 
the stage of the fluoroscopic process at 
which the number of photons per unit area 
per second reaches its lowest level is that at 
which photons are admitted to and stimu- 
late the retina. Also, the quantitative level 
of this stage is not much greater than that 
of the similar stage in conventional fluoros- 
copy. dence, image amplifiers when viewed 
with currently available optics do not vield 
a clariry which is much improved over that 
of conventional fluoroscopy. Of course there 
is a great advantage to screen intensifica- 
tion in its elimination of the need for dark 
adaptation. However, the full potential of 
screen intensification from the standpoint 
of its resolution or clarity has not been 
achieved. 

Some improvement in the performance 
of image amplifiers has been made through 
their combination with television svstems. 
With these systems the viewing conditions 
may be made sufficiently more satisfactory 
so that the resolution often is increased bv 
a facter of 2. The contrast enhancement 
provided by television systems also im- 
proves the performance of screen intensi- 
fers at low contrast levels. 


SOLID STATE AMPLIFIERS 


Although the image tube is, by all odds, 
the mest widely used type of screen in- 
tensifer at the present time, several other 
varieties have been proposed. Some of these 
are not likely to find wide application, 
principally because they do little to increase 
the efFciency with which x-ray photons 
are utiazed. One system,? however, which 
exhibits some promise is that shown in 
Figure 10. The system consists of two prin- 
cipal elements: a photoconductive layer 
which mtercepts the x-ray photons coming 
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Fic. 10. Solid state screen intensifier. 


from the structure under examination and 
an electroluminescent laver which emits 
light when it is placed in am alternating 
electric field. The two lavers are separated 
bv a thin film of opaque material of high 
electrical resistance. Also, a thin plate of 
conducting glass and a thin sheet of elec- 
trically conductive material such as alumi- 
num are applied to the free surfaces of the 
electroluminescent and phoroconductive 
layers, respectively. When the system is ex- 
posed to x-rays and a sinusoidal potential 
is applied. to the aluminum and glass 
electrodes, a fluoroscent image of the struc- 
ture under examination appears on the 
screen. 

The principles of operation a-e as follows: 
When x-rays are absorbed by the photo- 
conductive laver, the laver's electrical re- 
sistance decreases and hence a greater 
fraction of the potential which prevails be- 
tween the aluminum and glass electrodes 
appears across the electroluminescent laver. 
As a result, this layer emits light which 
may be seen by the observer through the 
glass electrode. Since the resistance of the 
photoconductive layer varies from place to 
place in accordance with the radiant inten- 
sity of the various x-ray images impressed 
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upon it, the electroluminescent layer will 
exhibit a series of images which conform 
to the x-ray pattern 

Many variations of the photoconductive, 
electroluminescent panel have been pro- 
posed and experimental models constructed. 
Although such panels are capable of pro- 
ducing light outputs which are several 
times those of conventional fluoroscopic 
screens, their response is unfortunately so 
slow that thev are almost useless as fluoro- 
scopic devices. Images smear badly when 
any motion is present. It appears that this 
characteristic is due to the rather poor mo- 
bility of the charges within the photocon- 
ductive and electroluminescent layers. Al- 
though it may be anticipated that this 
problem will eventually be overcome, this 
type of screen intensifier is not vet suitable 
for fluoroscopic work. 


CINEFLUOROGRAPHY 


As indicated earlier, screen intensifiers of 
the image amplifier type are proving of 
great value in cinefluorography. Indeed, 
without such instruments practical cine- 
fluorography would not be possible because 
of the excessive radiation doses required 
when conventional fluoroscopic screens are 
photographed. The gains in illumination 
made possible bv screen intensifiers have 
changed this situation entirely. In fact, 
when an electron image tube is used with a 
television system to increase the intensifi- 
cation still further, it is possible to make 
x-ray motion pictures with the use of no 
more radiation than that employed in 
fluoroscopy, even during the cinefluorog- 
raphy of dense abdominal structures. 

In recent vears, considerable controversy 
has arisen concerning the techniques best 
adapted for cinefluorography. Should one 
record directly from the image tube? Does 
recording from a television monitor pro- 
vide the greatest number of advantages? 
Should one use 16 mm. film or 35 mm. film? 
There are many advocates of each tech- 
nigue, each group being certain that its 
method of operation is the preferable one. 
It is not surprising, then, that often those 
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who plan to enter the field of cinefluorog- 
raphy become confused by the various 
claims and counterclaims. Unfortunately, 
most of the tenaciously held opinions are 
based upon limited experience where critical 
comparative experiments have not been 
carried out. 

In spite of the confusion which exists 
within the field of cinefluorographic tech- 
nologv, experimental data are now at hand 
which substantially clarify the picture. 
These data show that, although the type of 
motion picture equipment emploved in 
cinefluorography has some influence upon 
the clarity of reproduction, another factor 
is of more fundamental importance. This 
factor is the exposure dose rate applied to 
the patient during cinefluorography. Re- 
gardless of the equipment used, if the ex- 
posure dose rate is low, image quality will 
be poor. When the exposure dose rate is in- 
creased, image quality improves. The rea- 
son for this is well illustrated in the quan- 
tum diagram in Figure 11 where the photon 
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Fic. 11. Quantum diagram of the cinefluorographic 
process. Data apply to a typical anteroposterior 
chest examination performed with a 9 inch image 
amplifier with an intensification of 3,000. Curve 
A, 16 mm, film and f/1.5 camera lens; curve B, 
16 mm. film and f/1.0 lens; and curve C, 35 mm. 
film and f/1.¢ lens. 
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intensity prevailing at the various stages of 
the cmefluorographic process is plotted for 
a typcal anteroposterior chest cinefluoro- 
graphic examination when a g inch image 
ampliter, having an intensification of 3,000, 
is employed. Stage 1 indicates the x-ray 
photon intensity (Ze., the number of x-ray 
photoas per square millimeter per second) 
prior :o the absorption of the beam by the 
patiert when the x-ray machine is operating 
at go kvp. and 10 ma. with 3 mm. aluminum 
hltraton, a tube-screen distance of 27 
inches and a cinefluorographic frame rate 
of 60 frames per second. Stage 2 indicates 
the pEoton intensity after absorption of the 
beam by the chest; Stage 3, the photon 
intensity absorbed bv the input screen of 
the image amplifier; Stage 4, the number of 
light photons generated at the output 
screen by the photon intensity of Stage 5; 
Stage £, the number of light photons ad- 


mittec to the film by the optical system of 


the cinefluorographic camera by the photon 
intens ty of Stage 3; and Stage 6, the 
number of photographic grains produced in 
the developed motion picture film by the 
photoz intensity of Stage 3. Curve A repre- 
sents conditions for 16 mm. cinefluorog- 
raphy in which an f/1.5 camera lens 1s 
emploved. Curve B is for the same circum- 
stances as Curve A except that an f/1.0 
optica system is used. Curve C is for 35 
mm. cmefluorography with an f/1.5 optic: l 
system. 

It wil be oi dserved that in all cases, the 
stage at which the number of x-ray photons 
per unit area per second reaches its lowest 
level is the stage at which x-ray photons 
are absorbed by the intensifier (Stage 3) and 
not the stage at which x-ray images are 
recorded on motion picture film. Conse- 
quentlz, from quantum statistics, cine- 
fuerographic detail under the conditions 
set forth in Figure t1 is not dependent on 
the type of film used but on the exposure 
dose rcte prevailing at the input screen of 
the intensification system. 

From a perusal of Figure 11, it will be 
appareat that, if the intensification of the 
image amplifier becomes less and/or the 


Screen Intensification and Cinefluorography 1037 


f/number of the camera lens is made greater, 
the performance of the cinefluorographic 
process ultimately deteriorates and be- 
comes a function of the size of the recording 
film, since under these circumstances the 
stage of lowest photon intersity shifts to 
that at which film recording takes place. 
The deterioration first affects 16 mm. re- 
cording and for a given lens aperture is 
greater for 16 mm. film than for 35 mm. 
materials. However, as stated in foregoing 
paragraphs, when the lowest level of photon 
intensity occurs at the stage when the im- 
age amplifier’ s Input screen adsorbs x-rays, 
the type of film has very litde to do with 
image quality. The circumstances under 
which this condition is satisfied is expressed 
by the formula: 


where c is the number of ight photons 
emitted by the input screen of the image 
amplifier per x-ray photon absorbed, a is 
the intensification factor of the image 
amplifier, T is the fractional transmission 
of the optical system, f is the effective 
f/number of the optical system, m is the 
minification of the cinefluorographic image 
in respect to the image appearing on the 
input phosphor of the ampliser, and F is 
the fractional efficiency of the photo- 
graphic emulsion. Typical va ues for T, v, 
and F are 0.4, 2,000 and .oos, respectivelv. 
The equation therefore reduces to: 





m (22) 





Values of m for § and 9 inch amplifiers and 
for 16 and 35 mm. film are given in Table r. 

Equation (2) is of fundamental impor- 
tance in cinefluorographic design. It indi- 
cates when a 35 mm. camera is to be pre- 
ferred to a 16 mm. unit; more important, 
it permits one to determine the conditions 
under which maximum image quality may 
be determined regardless of f Elm size. For 
example, if one wishes to record from a 9 
inch intensifier with a 16 mm. camera under 
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Tage I 
MINIFICATION VALUES FOR 16 MM. AND 35 MM. 
CINEFLUOROGRAPHY MADE FROM § and g 
INCH IMAGE AMPLIFIERS 





i Image Amplifier 
Film | eee sie ea 


16 mm. 





35 mm. 


conditions when image quality will not 
deteriorate because of film size, equation 
(2) indicates that a lens having an aper- 
ture approaching f/1.0 must be used. 

Equation (2) is also valid for cinefluoro- 
graphic systems in which the recording is 
taken from a television monitor. Because 
of the higher intensification values these 
svstems provide, one may emplov rela- 
tively large f/numbers in the camera 
optics and still obtain maximal results 
with 16 mm. film. Indeed, the intensifica- 
tion factors are typically so large that 35 
mm. film is quite unnecessary in this ser- 
vice. 

The importance of the exposure dose rate 
prevailing at the input screen of the image 
amplifier in determining the quality of the 
cinefluorographic film is well shown in a 
practical manner in Figure 12. These films 
were made with a motion picture camera 
recording the information provided by an 
image amplifier equipped with an image 
orthicon television system. Frame A illus- 
trates a view of the television monitor with 
an exposure dose rate at the input screen 
of the image intensifier of 500 wr per frame 
(the exposure dose per frame prevailing 
during cinefluorography of the chest with 
the motion picture camera operating at 60 
frames per second and the x-ray equip- 
ment operating at go kvp. and 10 ma., 
with 3 mm. aluminum filter and a 27 inch 


creasing screen brightness with decreasing cx- 
posure dose rate from frame to frame was provided 
by an increase in aperture of the lens between the 
image tube and image orthicon, 
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Fic. 12, Demonstration of the effect of exposure dose 
rate on cinefluorographic quality. Films were 
made from the television monitor of an intensifier 
consisting of a 9 inch image amplifier and an image 


orthicon television system. Frame A, single 
cinefluorogram with x-ray beam turned on at ex- 
posure dose rate of «oo ur per frame; frames B and 
C, same as frame A but with exposure dose rates of 
;o and 5 ur per frame, respectively. Objects being 
roentgenographed were, on the left, a lucite plate 
with holes of varying size and contrast and, on the 
right, a fashlight. Note frank deterioration. of 
image quality with decreasing exposure dose rate. 
Same cinefluorographic film, lens, and frame rate 
were used for all pictures. Compensation for de- 
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tube-i3tensifier distance). Frame B is the 
same as A but with the exposure dose rate 
per trame reduced to so ur. Frame C is the 
same is A but with an exposure dose rate 
per frame of only $ ur. Although all films 
were made with the same motion picture 
nlm and with the television equipment per- 
formirg under identical conditions, the in- 
fluence of exposure dose rate on image 
qualitz is obvious. As the exposure dose 
rate decreases, the graininess visible in the 
picture becomes greater and the detail 
diminghes. 

Since exposure dose rate values play a 
primary role in the determination of cine- 
fluorographic quality, the question arises 
as to what cinefluorographic technique is 
best te employ under most circumstances. 
Usualis, the convenience of 16 mm. film 
makes this material preferable to 35 mm. 
film, particularly if one has available in- 
tensification and optical systems adequate 
to make image quality independent of film 
size. In the case where motion picture films 
are recorded from a television monitor, 
there 1s no advantage in the larger film. 

The choice between direct and television 
recording is more difficult. The maximum 
resoluton of a 9 inch image intensifier 1s 
of the order of 0.25 mm.; that of an image 
amplifier equipped with an image orthicon 
television system is approximately 0.4 mm. 
Hence, direct recording produces some- 
what greater detail at high exposure dose 
rates ond with images of high contrast. 
Also, television recording is limited to frame 
rates ct 30 frames per second and lower 
unless d equipment is used. Hence, 
this technique will usuallv not be suitable 
for mar* cardiac examinations where frame 
rates o: 60 frames and over are desired. On 
the other hand, if a frame rate of 30 frames 
per secend is adequate, television recording 
has many advantages. One of these is the 
increased intensification provided by tele- 
vision. systems. As a result, abdominal 
cineflucrography of adults may be per- 
formed without excessive exposure dose 
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rates. Another advantage is one’s ability to 
change at will the intensification factor of 
a cinefluorographic system to meet the 
resolution requirements of the procedures 
to be recorded. The televisior method also 
has the advantage that it dissociates fluoro- 
scopic and cinefluorographie operations. 
Hence, fluoroscopy can be conducted jointly 
with cinefluorography without one’s hav- 
ing to discontinue one technique and start 
the other. This is particularly worthwhile 
in cinefluorography of rapidly changing 
events, such as those which occur in the 
pharynx during swallowing. 

With the experience gained bv many 
workers over the past few vears, it is 
reasonably certain that cinefluography will 
play an ever increasing role in the field of 
diagnostic radiology. Even such techniques 
as myelography can be recerded by the 
cinefluorographic camera without excessive 
exposure of the patient. It is confidently 
anticipated that the next ten years will 
bring many advances in the diagnosis of 
disease by cinefluorography. Instruments 
capable of approaching the ideal in terms of 
performance are available. Their breadth 
of application only awaits the time needed 
to fully explore their potentia.. 


Department of Radiology 
The Johns Hopkins Hospital 
Baltimore 5, Maryland 
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NORMAL ROENTGENOGRAPHIC ANATOMY OF THE 
HUMAN CIRCLE OF WILLIS* 


By ROBERT A. KUHN 


MORRISTOWN, NEW JERSEY 


D OENTGENOGRAPHIC studies of the 
arterial svstem of the human brain are 
common. Methods of cerebral angiography 
in current use under normal circumstances 
opacify only isolated portions of the intra- 
cranial circulation. Usually, the posterior 
segment or the homolateral half of the 
anterior segment of the circle of Willis is 
visualized. Under these circumstances ana- 
tomic relationships of this important vas- 
cular complex must be inferred from a 
number of different angiographic studies. 
Such conditions make it exceedingly dif- 
ficult to form valid estimates of normal 
anatomy in the circle of Willis or to judge 
the effects of health or disease upon it. Yet 
this arterial interchange is the structural 
distribution system which monitors re- 
gional cerebral arterial flow—and it is pre- 
cisely in the field of disturbed regional flow 
that cerebrovascular disease exerts its ef- 
fects. A reliable method of cerebral angiog- 
raphy which would produce simultaneous 
physiologic opacification of several or all 
anatomic parts of the circle of Willis might 
be expected to throw considerable light on 
normal hemodynamics in this little under- 
stood complex, and aid in evaluation of the 
effects upon cerebral circulation of disease 
or developmental deviation. 

Once the feasibility had been established 
of routinely filling the drainage systems of 
carotid and vertebral arteries by retro- 
grade brachial injection,’ the submento- 
vertical projection was added to the stand- 
ard anteroposterior and lateral series for 
more complete angiographic survey of each 
patient. It was immediately discovered 
that in this view components of the circle of 
Willis in part, or in their entirety, were 
visualized with considerable clarity. The 
attainment of this objective has been re- 
ported elsewhere.’ It is the purpose of the 


present communication to describe normal 
vascular patterns of the human circle of 
Willis which can be demonstrated following 
retrograde injection of the brachial artery, 
and to discuss certain functional implica- 
tions that presented themselves during the 
course of these studies. 
METHOD 

Brachial cerebral angiography is best 
performed under local anesthesia.‘ Whereas 
percutaneous puncture techniques in the 
cervical region frequentlv produce un- 
avoidable distress to patient and angiog- 
rapher, brachial arteriotomy is easily ac- 
complished in comfort. In the past, the 
problem posed by a frightened, struggling 
patient during percutaneous puncture of 
the carotid, vertebral or subclavian artery 
constituted a positive Indication to some 
physicians for use of general anesthesia as 
a routine measure. Yet purposeful induc- 
tion of unconsciousness in a patient with 
cerebral dysfunction of unknown cause is a 
hazard better avoided. Patients are much 
less averse to a small incision in the arm 
than to insertion of a needle in their neck. 
It is of interest that when brachial angiog- 
raphy is performed in a patient who had 
previously undergone percutaneous injec- 
tion, reaction to the two procedures in- 
variably is favorable to surgical approach 
in the arm. 

A number of advantages is a conse- 
quence of the site of arterial cannulation. 
The patient is able to move about freely 
during the procedure; positioning of the 
head and neck with precision is a relatively 
simple maneuver; and injection of opaque 
medium produces discomfort mainly in the 
arm and shoulder where it is better tol- 
erated than in the head. Still other im- 
portant benefits include avoidance of 


* This work was supported in part by a grant from the Tobacco Industry Research Committee. 
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trauma to major arteries of the cerebro- 
vascular tree; circulation of opaque me- 
dium under conditions similar to physio 
logic flow of blood; and opacification of two- 
thirds er more of the cerebral circulation 
subsequent to each injection. 

Retrograde brachial injection is carried 
out in à room especially equipped for such 
studies. Surgical technique is uncom- 
plicated. The right upper limb is abducted 
in slight flexion at the elbow; surgical 
solutions are painted on the shaved upper 
inner arm; linear infiltration of a local 
anesthetic is carried out in skin overlving 
the bicipital groove; a 3 cm. incision is 
made, subcutaneous tissues are retracted 
and the neurovascular bundle is identified; 
then the brachial artery is isolated and 
lifted on rubber tapes. The artery is incised 
and a special twelve-gauge cannula* is in- 
serted and anchored in place. 

Positioning. for the submentovertical 
view presents no difficulties. Usually these 
roentgenograms are obtained after comple- 
tion of the anteroposterior and lateral se- 
quences. The patient lies supine with his 
shoulders extending slightly beyond the 
head end of the stretcher-table. The latter 
is slowly pumped up until the vertex of the 
hvperewtending head barely contacts the 
surface of the film-changer (Reed's base 
line parallel to the table). This position is 
surprisingly comfortable for most patients, 
and frequently easier to attain in the 
elderly than even moderate degrees of head 
Hexion. The tube is adjusted so that the 10 
cm. prosective cylinder is inclined at an 
acute angle. The mandible of the patient is 
hyperextended to move it out of the way 














and the head is immobilized between 
plastic sponges. Ideally the mandible will 
then fo: 





The tme-setting sequence ordinarily is 
two films during the first second, then three 
films each second for the next several sec- 
onds. Delay rcentgenograms are not ob- 
tained in the average patient since capillary 







* Manufactured by Eecton-Dickinson Company, Inc., Ruther- 
ford, New Jersey. 
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and venous phases of cerebral c rculation in 

submentovertical projection have not been 

found to be particularly informative. 
DISCUSSION 

Roentgenographic studies of the human 
circle of Willis have awaitec a method 
which would provide successful opacifica- 
tion of anterior and posterior segments of 
this artery-complex while conditions of flow 
were maintained as nearly normal as pos- 
sible. Retrograde cerebral angiography is 
considered by the author to fulfill for the 
human, the criteria laid down by McDon- 
ald and Potter? in their experimental inves- 
tigation of cerebral circulation in the rabbit 
~-avoidance of occlusion of the arterial 
lumen and lack of induced pressure changes 
in the system being investigated. After ret- 
rograde injection in the right brachial ar- 
tery of man, the bolus of hypaque which 
reaches the subclavian-innominate lumina 
equilibrates with arterial pressure in a frac- 
tion of a second. Blood pressures measured 
on the opposite arm during and subsequent 
to injection have not been found to vary 
significantly. It is most likely, therefore, 
that following pressure equilibration in 
thoracic vessels the contrast medium is 
circulated through the carotid and verte- 
bral systems under hemodynamic condi- 
tions normal for the individua s under in- 
vestigation. Vascular pathways which be- 
come visible subsequent to injection in this 
fashion are believed to be those through 
which blood circulates in a physiologic set- 
ting. 

It is not uncommon after retrograde 
right brachial injection to see i3 the initial 
high speed roentgenograms zn advance 
column of diluted opaque medium stream- 
ing along the walls of carotid or vertebral 
arteries. The vessels have not yet been 
Hooded with contrast solution. The central 
core of each artery remains for an instant 
translucent, testifying to higher speeds and 
greater dilutions in this region. During 
these transient phases, a hint ccn occasion- 
ally be gained of hemodynamies, for with 
incomplete opacification swrling and 
spiralling become visible, or laminar flow 
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at the head of the column can be seen to be 
interrupted by sudden turbulence. These 
features vanish with arrival of the main 
body of opaque medium, although they 
sometimes reappear intracranially when 
concentrated contrast solution in the ver- 
tebral artery meets a diluting stream at the 
‘basilar artery. 

When the 50 per cent hypaque solution is 
undiluted by blood, limits of vessel size for 
visibility are surprisingly small. It is not 
infrequent that terminal branches of small 
arterioles (200—300 y) are sharply opacified. 
Peculiarities of vessel structure, branching, 
and progressive filling are easily determined 
by examining consecutive roentgenograms, 
and artifacts due to positioning or confus- 
ing bone detail can usually be readily 
distinguished. 

Filling and emptying of the human circle 
of Willis with contrast medium occur quite 
rapidly in the normal individual. A com- 
plete cycle through the anterior segment 
often takes place in less than two seconds. 
The speed of film changing is therefore 
greater for submentovertical projection so 
as to obtain a clear sequence of fluid flow 
through the system. 

Velocity of blood flow is proportioned to 
the size of vessel through which it travels. 
It has been pointed out in a previous paper? 
that serial roentgenograms corroborate this 
relation between artery luminal diameter 
and speed of flow. Brachial-cerebral angio- 
grams show a consistent difference in rate 
of flow through vertebral and internal 
carotid arteries. Normally, the rapidly 
moving stream of the internal carotid 
artery enters the cranium first, and opaque 
medium has moved well out into peripheral 
branches of the middle and anterior cere- 
bral arteries by the time the advancing 
contrast medium-column in the more 
narrow vertebral artery arrives at the brain 
stem. This considerable time differential 
between anterior and posterior segment 
flow is maintained throughout the cycle of 
cerebral circulation and it is not uncommon 
to see opaque substance still within the 
basilar and posterior cerebral arteries dur- 
ing hemispheral venous phases. 
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Certain structural and functional compo- 
nents of the human circle of Willis are seen 
with regularity. There is little variability in 
the course or relative position of major 
trunks contributing to the circle, for exam- 
ple. But the origins and distributions of 
secondary arterial branches are subject to 
considerable individual difference, making 
it exceedingly difficult to distinguish nor- 
mality from abnormality, or developmental 
difference from effects of vascular disease. 
Flow patterns of the circle of Willis will be 
described in patients who have shown no 
clinical manifestations of cerebrovascular 
disease. Deviations in structure or function 
felt to be significant will be commented 
upon. 


FLow PATTERNS 


A typical sequence of filling and empty- 
ing within the circle subsequent to retro- 
grade injection of the right brachial artery 
is shown in Figure 1. Despite manual com- 
pression of the contralateral common 
carotid artery, crossover is not complete in 
the anterior segment, indicating lack of 
functional intercommunication between 
the internal carotid arteries. In the first 
film, hypaque in the carotid system has 
streamed several inches beyond the cervical 
bifurcation, while in the vertebral artery 
the head of the column has just come into 
view. One half second later (second film) 
peripheral branches of the middle and 
anterior cerebral arteries are well opacified, 
and contrast substance has reached the 
basilar artery. Subsequent exposures repre- 
sent an elapsed time of one and one half 
seconds, during which fine radicles originat- 
ing from the superior surface of the basilar 
artery become visible, and filling occurs in 
the large left posterior cerebral artery 
which remains a prominent vessel to the 
end. 

As the basilar drainage opacifies, there 
can be seen small twigs representing the 
right posterior cerebral and spinal arteries, 
and a thread-like channel which is probably 
the left posterior communicating vessel. 
Filling of the left posterior communicating 
artery represents the sole anastomotic response 
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Vic. 1. R trograde right brachial injection with contralateral carotid compression. Sequence begins at upper 
left anc proceeds left to right. Circulation is normally rapid. Total time required is slightly over two sec- 
onds. The anterior segment does not communicate. Note the sharply curved course of the basilar artery 
and th. characteristic persistence of the opaque medium in that circulation. The disproportion in diameter 
of the ^wo posterior cerebral arteries is somewhat unusual. The anterior cerebral artery is superimposed 


upon the median nasal septum. 


of this cercle to marked drop of pressure in the 
contralaeral carotid system. The anterior 
inferior cerebellar branch is very small. The 
diameters of vessels can be seen to remain 
constan: throughout the circulatory cycle, 
and differences in size appear to be a reli- 
able reflection of different hydraulic capaci- 
ties in various branches of the system. It is 
noteworthy that the right posterior com- 
municat ng artery is not visible during any 
part of the cycle, and also that both ante- 
rior cerebral arteries fill from the right side. 

The large volume of opaque medium 
propelled up the carotid artery dissipates 
rapidly, and comparatively little remains in 
this system on the final film. Speed of flow 
in the besilar system is in marked contrast, 


for opaque substance persists until the end 
of the film sequence. The total time that 
contrast medium remains within the ante- 
rior segment of the circle is much less than 
the period for which it lingers in the pos- 
terior segment. 

In all sequences to date it has been ob- 
served that, unless there is arterial obstruc- 
tion or major structural deviation in the 
carotid system, posterior segment flow is 
delayed and relatively sluggish. It has, 
therefore, been assumed that this is a 
natural phenomenon. The significance of 
normally more rapid circulation through 
drainage fields of the anterior and middle 
cerebral arteries is as yet unknown. 

Examples of different arteria. configura- 
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Fic. 2. Configurations of the circle of Willis. Each tracing is of the roentgenogram above. No carotid com- 
pression was performed. Note the consistent bilateral filling of the posterior cerebral arteries and the bi- 
lateral opacification of the basilar branches. A posterior communicating artery (left) is seen on only one 
roentgenogram, There is great variability in the site of origin and the course of vessels derived from the 
basilar artery. 


tions of the human circle of Willis during 
maximal filling areshown in Figures 2 and 3. 
These patterns are alike in that fluid flow in 
the anterior segment of the circle remains 
unilateral despite efforts in some cases to 
produce anastomotic communication by 
contralateral carotid compression. 

Carotid Trunks. The common carotid 
artery is seen as a heavy, opaque column 
extending several inches from the lower 
margin of exposed film. A fairly abrupt, 
well-marked narrowing marks the point of 
cervical carotid bifurcation. The internal 
carotid artery then ascends vertically a 
short distance, swings sharply to pass 
medially in a straight line for about 3 cm., 
and reverses course to penetrate the floor of 
the skull. Variations are unusual in the 
cervical course of these major trunks unless 
arterial disease is present. 


Anterior Cerebral Artery. Opacification of 
the right anterior cerebral artery is such a 
constant feature of retrograde angiography 
that nonfilling is regarded as evidence of 
occlusive vascular disease or major develop- 
mental deviation. The precise incidence is 
unknown of derivation of both anterior 
cerebral arteries from one internal carotid, 
but it must be quite low.® In the present 
series of approximately şo consecutive 
cases, including patients with various kinds 
of cerebral lesions, only two examples were 
found of dual unilateral derivation (Fig. 1). 
Multiple channels connecting anterior cere- 
bral arteries are known to be far more com- 
mon than inadequate communication be- 
tween these vessels—a situation quite 
unlike that characteristic of posterior com- 
municating vessels.! 

During early filling phases the anterior 
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cerebral arteries overlie and parallel the 
median nasal septum, whereas a second or 
so later cheir terminal branches arch back- 
ward ard may be superimposed on the 
circle o. Willis itself. Moderately high- 
speed film shuttling (5/second) allows easy 
different ation or these branches from those 
arising at the circle of Willis. 

Posterior Segment Arteries. The vertebral 
artery dsplays little variation in its course, 
and the characteristic cervical loop! is well 
displayed in submentovertical views. A 
branch ox this artery, visible on most angio- 
grams, is the right posterior inferior cere- 
bellar artery (Fig. 2 through s, inclusive). 
This vessel arises from the medially ascend- 
ing limb of the vertebral artery, and follows 
a highly variable path. On an occasional 
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angiogram a parent trunk of the anterior 
spinal artery can be seen arising in approxi- 
mately the same location. 

The Basilar Artery. The lumen of the 
basilar artery normally is completely filled 
during right brachial angiography. A curv- 
ing course, sometimes C-shaped and occa- 
sionally in the form of an S, is much more 
characteristic of this vessel than the 
straight median structure seen in textbook 
diagrams of the human circle of Willis. 
Although in some instances of unusual 
tortuosity, atherosclerosis is undoubtedlv a 
contributing factor, it has been observed 
that even in young persons free of serious 
arterial disease the trunk of the basilar 
artery may be sharply curved to the right 
or left. The rostral tip of the artery, on the 





Fic. 3. Con .gurations of the circle of Willis. Each tracing is of the roentgenogram above. Carotid compres- 
sion carried out during injection of patient on far right results only in slight reflux into left anterior cerebral 
artery. Nate the wide differences in diameter and variable course of the basilar artery. The right posterior 
cerebral artery fails to fill in one instance (? pathologic change). The middle and anterior cerebral arteries 
show littl variability in origin or distribution of their main trunks. The posterior communicating arteries 


are usually not seen. 
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Fic. 4. Brachial retrograde injection with compression of contralateral cervical carotid artery. Filling of the 
entire anterior segment of the circle of Willis is demonstrated. Left: The slender right posterior com- 
municating artery is well seen. Note the symmetry of the two middle cerebral arteries and the apparent 
transposition of the anterior cerebral arteries. The vertebral artery is of adequate size and the superior 
cerebellar branches are filled. Middle: Note the derivation of the left posterior cerebral artery from the 
internal carotid artery and the median but narrow basilar artery. Right: C-shaped basilar artery with a 
prominent right posterior cerebral branch, 


other hand, varies little in its central ana- 
tomic position from patient to patient. 
Posterior Cerebral Arteries. Both poste- 
rior cerebral arteries can be clearly seen in 
the usual study. They arise almost always 
from the rostral end of the basilar artery 
and appear to be a natural continuation of 
this vessel. Density of opaque medium is 
the same in each of the vessels. This bilat- 
eral circulation is in marked contrast to 
that described for animals,’ and indicates 
that thorough mixing of the vertebral 
streams is the rule in the human basilar 
artery. It is probable that interruption of 
laminar flow by turbulence at the verte- 
bral-basilar junction is responsible for the 
phenomenon. The two posterior cerebral 


arteries demonstrate typically a “weeping- 
willow" configuration. Major variations are 
common, and may include bifid origin, 
early branching, and occasionally what 
appears to be total absence of one artery 
(Fig. 2). 

Other Basilar Branches. Superior cere- 
bellar arteries are seen with a fair degree of 
frequency. It is only rarely possible to 
identify a sequence of lateral branches of 
the basilar artery similar to those ordinarily 
diagrammed in texts. This discrepancy 
cannot be ascribed to phvsical character- 
istics of the opaque medium used for angi- 
ography, for left-sided basilar branches fill 
almost as frequently as those on the right, 
and intracranial arteries of very small 
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caliber regularly become opacified else- 
where (Fig. 3). As a matter of fact, it is not 
uncommon during certain arterial filling 
phases to see fine perforating radicles 
emerging from the superior surface of the 
basilar artery, or hair-like pontine branches 
outlining the external form of the brain 
stem. 

When contralateral carotid compression 
Is carrled out, a few seconds before retro- 
grade brzchial injection, opaque medium 
may cross to fill the entire anterior segment 


of the circle of Willis. T 


Chis has occurred in 


perhaps 52 per cent of individuals to date. 
The dista. internal carotids and right and 
left anteror and middle cerebral arteries 
are flooded with contrast solution. Shortly 
thereafter the posterior segment fills via the 
vertebral artery and all major functional 
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components of the circle can be visualized. 
Figures 4 to 6, inclusive, show the roent- 
genographic appearance of the circle of 
Willis at that instant. Occasionally, similar 
filling will occur when an excess of opaque 
medium refluxes proximal to the innomi- 
nate into the arch of the aorta and passes 
up the left internal carotid artery (Fig. 6). 

Filling of the entire anterior segment of 
the circle of Willis is excellent evidence of 
anastomotic response to drop cf arterial 
pressure in the left carotid svstem, and 
proof of the existence of adequately patent 
anterior communicating chanrels. The 
more rapid anterior segment circulation 
results in filling of the entire system bilater- 
allv, before the basilar drainage becomes 
opacified by arrival of the vertebral stream. 
There is no evidence that opaque medium 





Fic. s. Right brachial injection and left carotid compression. Left: Quadrilateral circle of Willis with un- 
usually thick left posterior communicating artery joining the posterior cerebral trunk. Note che promi- 


nent postecior inferior cerebellar branch and the midline basilar artery. 


Middle: Posterior dis ocation of 


the right middle cerebral complex by space-occupying mass. The posterior cerebral and superior cerebellar 
branches are well outlined. Right: Symmetric anterior and middle cerebral arteries with widzly-spaced 
“weeping-willow” posterior cerebral configuration. There are no visible posterior communicatirg arteries. 
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lic. 6. Brachial injection with left carotid compression. Left: Prominent posterior inferior cerebellar artery 
and almost transversely placed basilar artery are visualized. Right: The opaque medium ascends both 
internal carotid arteries. Filling of the anterior cerebral arteries is seen only from the left. Note the 
markedly different course of the right and left middle cerebral arteries. There was no clinical evidence 


suggesting the presence of an intracranial lesion. 


flooding the anterior segment under these 
conditions passes posteriorly to contribute 
to the basilar circulation nor that circula- 
tion in the basilar system compensates for 
the pressure drop in the left anterior seg- 


ment. During this type of maximal circu- 
latory stress, therefore, the left posterior 
communicating artery, at least, fails to 
respond as an anastomotic conduit. The 
posterior communicating vessels can rarely 
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be seen during brachial-cerebral angiog- 
raphy aad, in the few instances thev are 
visible, they are of such small caliber that it 
is dificult to conceive them to be carrying 
significat volumes of blood. 

These observations indicate that the 
human circle of Willis is functionally a 
circle in name only. The independent an- 
terior al posterior segments possess major 
differences in function. Internal carotid 
flow normally supplies the ipsilateral half of 
the ante ior segment, but about £o per cent 
of individuals possess the capacity to main- 
tain adecuate functional circulatory flow to 
both hemispheres by way of one internal 
carotid erterv. 

Poster.or segment circulation is charac- 
terized ky bilateral distribution of a rela- 
tively small volume of slowly moving 
arterial 5lood. The brain stem and cere- 
bellar arzas are, therefore, usually isolated 
from the rapidly moving high volume 
stream perfusing the anterior segment. In 
the usua individual if the internal carotid 
supply fzils bilaterally there would appear 
to be litte chance that hemispheral perfu- 
sion could be supported by way of posterior 
segment low. 

SUMMARY 

1. Retrograde brachial angiography ful- 
fills experimental criteria established previ- 
ously in animals for investigation of cere- 
bral circulation. The technique avoids 
complete y pressure artifacts and arterial 
injury. 
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2. When the submentovertical projec- 
tion is combined with brachial injection, 
clear visualization is obtained of compo- 
nents of the circle of Willis. 

3. Typical configurations of human cir- 
cles are presented, and the influence of 
contralateral carotid compression is demon- 
strated. 

4. Some preliminary observations are 
made on functional capacity of the human 
circle of Willis as demonstrated by this 
method. 


Department of Neurosurgery 
New York Medical College 
Fifth Avenue at 1octh Street 
New York, New York 
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VALVES OF THE COMMON CAROTID ARTERY 
DURING ANGIOGRAPHY* 


By WILLIAM E. 


GANNON, M.D. 


BROOKLYN, NEW YORK 


HE common complications of carotid 

angiography have been reported in 
detail and are well known. However, 
there is one uncommon complication which 
we feel has not received enough attention 
the creation of artificial valves in the com- 
mon carotid arterv during the puncture of 
this vessel. Sirois, Lapointe, and Côté? have 
published such a case with postmortem 
findings. The purpose of this paper is to 
present 4 similar cases and to describe the 
roentgen findings. 

All examinations were performed with a 
serial cassette changer exposing six films in 
sequence at one second intervals. The first 3 
cases were studied by the percutaneous 
method while in the fourth case the com- 
mon carotid was surgically exposed. 


REPORT OF CASES 


Case 1. J.G. KCH #43553. This twenty-three 
year old white female entered the hospital on 
September 19, 1958 because of vaginal bleeding. 
The patient had had her last menstrual period 
three months before. According to the history 
she had suffered a generalized convulsion of five 
to ten minutes’ duration a few hours before 
admission. There were no sequelae. A dilatation 
and curettage were performed on the following 
day. Six hours after operation the patient had a 
generalized convulsion following which she was 
unresponsive for a period of three days. Lumbar 
puncture performed during this period revealed 
xanthochromic spinal fluid. She subsequently 
became alert and there were no neurologic signs 
except nuchal rigidity. 

Left carotid angiography was performed on 
September 30, 1958. No contrast material was 
seen intracranially until the five second angio- 
gram. It was therefore suspected that there was 
a partial block in the cervical portion of the 
internal carotid artery. The films were then 
positioned for study of the neck and the exami- 


nation was repeated. On this study the early 
angiograms revealed the contrast material to 
stop abruptly in the distal portion of the com- 
mon carotid artery (Fig. 1). The head of the 
contrast column had a meniscus appearance 
with concavity directed inferiorly. On the three 
and four second angiograms the vertebral 
artery was faintly opacified. At five seconds 
(Fig. 2) the contrast material started to escape 
the block and eventually opacified the internal, 
external, and branches of the middle cerebral 
arteries. However, most of the contrast material 
remained in the distal portion of the common 
carotid artery and maintained the meniscus 
appearance on its upper border. A repeat exami- 
nation performed immediately revealed the 
same findings. By October 5, 1958 the patient’s 
nuchal rigidity had disappeared and two days 
later a lumbar puncture revealed clear spinal 





Case I. Three second angiogram showing 
contrast material in the common carotid artery. 


FIG. 1. 


* From the Departments of Radiology of the State University of New York Downstate Medical Center, 451 Clarkson Avenue, 
Brooklyn, New York, and the Kings County Hospital, Brooklyn, New York. 
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fluid with a negative Pandy test. The patient 
signed her rebase against advice on October 12, 
1958. The dscharge diagnosis was subarach- 
noid hemorrkage of undetermined etiology. 


Case ri. H.B.N. KCH #49727. This forty-two 
year old Negro male was admitted because of 
right hemipEgia and aphasia. While being 
admitted he developed a grand mal type of 
convulsion with loss o? sphincter tone and went 
into status ep lepticus for about thirty minutes. 
Toward the end of the convulsive episode the 
patient was noted to have more promirent 
convulsive movements on the right side of the 
body. Followng this he was lethargic and pain 
stimuli cause« motion of the extremities on the 
left side only. 

He slowly became fully alert and seventeen 
days later, oa November 6, 1959, left carotid 
angiography was performed. The operator had 
difficulty in puncturing the common carotid 
artery and the first injection was into the soft 
tissues of the neck. On the second injection it 
was noted that the needle was low in the com- 
mon carotid a-tery and there were several filling 
defects in the opaque column just above its 





Fic, 2. Case I. Five second angiogram showing some 
contrast material escaping the block in the com- 
mon carotid artery. 


Valves of the Common Carotid Artery IOSI 





Fic. 5. Case II. Three second angiogram showing 
numerous filling defects in the common carotid 
artery. The opaque column has a rounded upper 
border. 


insertion. The contrast material passed these 
defects readily but stopped abruptly just below 
the common carotid bifurcation (Fig. 3). On the 
five second angiogram the carotid bifurcation 
was faintly outlined and at six seconds (Fig. 4) 
it was well outlined. On both these angiograms 
there was a faint line of radiolucency running 
across the opaque column just below the com- 
mon carotid bifurcation. This line cf radio- 
lucency corresponded to the area where the 
opaque column had stopped on the early angio- 
grams. In the anteroposterior projecticn it was 
noted that the common carotid artery appeared 
to be ballooned just below its bifurcation. Ret- 
inal artery pressures recorded on November 9, 
1959 were 147/67 gm. in the right eye and 
144/60 gm. in the left eye. 

The left carotid angiography was repeated 
four days later. At this time there was a smooth, 
rounded, elongated filling defect on the poste- 
rior aspect of the opaque column in the common 
carotid artery. This was apparently caused by a 
hematoma from the previous examination. 
Whether it was retrocarotid or intramural could 
not be determined. Above the defect a curved 
line of radiolucency arose from the posterior 
surface of the common carotid artery at the 
bifurcation and extended anteriorly and inferi- 
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Fic. 4. Case II. Six second angiogram showing 
opacification of the carotid bifurcation. There is a 
faint line of radiolucency just below the bifurca- 
tion. 


orly to become lost in the defect. There was no 
obstruction to the flow of the contrast material 
and a normal cerebral angiogram was demon- 
strated. The retinal artery pressures measured 
on November 16, 1959 were equal. A pneumo- 
encephalogram on November 18, 1959 was 
normal. 

Left carotid angiography was again per- 
formed on December 14, 1959 (Fig. 5). At this 
time the previously described filling defect had 
become slightly flattened but was still quite 
apparent. It was now felt that this was an 
intramural hematoma which was undergoing 
organization. The curved line of radiolucency 
could still be seen, although it was not as promi- 
nent as on the previous study. The patient was 
eventually discharged with the diagnosis of a 
convulsive disorder of unknown etiology. 


Case ur. C.C. KCH #5056. This fifty-one 
year old Negro male was a chronic alcoholic and 
had been drinking heavily on the night prior to 
admission. He was found lying in bed on the day 
of admission in a stuporous condition. Informa- 
tion from a friend disclosed that the patient had 
been suffering from "circulation" in the legs 
recently. Upon admission he was stuporous and 
in shock. There was spasticity of both lower 
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extremities, somewhat more marked on the left. 
There was a positive left Babinski toe sign. 
During the next two days the spasticity of the 
lower extremities decreased markedly and the 
Babinski toe sign disappeared. The patient 
remained stuporous. Lumbar puncture on the 
third hospital day (February 3, 1960) revealed 
clear fluid with a negative Pandy test and no 
cells. 

Right carotid angiography was performed on 
February 4, 1960. Angiograms taken in the 
anteroposterior projection revealed the contrast 
material to stop abruptly in the distal portion of 
the common carotid artery (Fig. 6). The head 
of the opaque column had the appearance of a 
meniscus with its concavity directed inferiorly. 
In addition there was a faint crescentic line of 
radiolucency about 1 cm. below the point of the 
needle. In the early angiograms the contrast 
material flowed in a retrograde direction to 
opacify the right subclavian, innominate, and 
right vertebral arteries. In the four second and 
five second angiograms (lig. 7) the contrast 
material slowly escaped the block and outlined 
an area of irregularity in the proximal portion 
of the internal carotid artery. A second needle 
was then inserted higher up in the common 
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Fic. s, Case II. Angiogram made five weeks after 
Figures 3 and 4. The valve can be faintly seen. 
The smooth filling defect on the posterior aspect 
of the artery is apparent. 
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carotid artery and a repeat study was performed 
(Fig. 8). This showed an apparently normal 
carotid bifarcation and normal internal and 
external carotid arteries. Left carotid angiog- 
raphy was then performed and was negative. 
Both anterr cerebral arteries filled and were 
midline. There was no opacification of the right 
internal carotid bifurcation or right middle 
cerebral artery. 

The patient was taken to the operating suite 
a few hours ater and under local anesthesia the 
right common carotid, the bifurcation, and 
internal and external carotid arteries were 
exposed. Inspection showed that there were 
adequate pulsations in these vessels. A linear 


Frc. 6. Case ET. Early angiogram showing abrupt 
stoppage of ‘he contrast column below the carotid 
bifurcation end retrograde flow through the sub- 
clavian, inneminate and vertebral arteries. Note 
the curvilinear line of radiolucency just below the 
point of insertion of the needle. 
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7. Case III. Angiogram shortly after Figure 6 
showing contrast material outlining a fil ing defect 
above the point of previous blockage. 


lic. 


incision was made in the anterior aspect of the 
common carotid artery, the bifurcatior, and the 
proximal segment of the internal carot d artery. 
There was a fresh intramural blood clct dissect- 
ing between the intima and media of the pos- 
terior wall measuring about 13 cm. long, 4 mm. 
wide and 3 mm. thick. The clot was removed 
without difficulty. The artery was closed in two 
layers, intima to intima and media to media. 
Following the removal of clamps there were 
good pulsations in all the exposed arter es. Post- 
operatively the patient remained stuporous for 
twenty-one days. When he finally regained 
consciousness his sensorium remained clouded 
and he had a spastic quadriplegia. 

The right carotid angiography was repeated 
on April 27, 1960 (Fig. 9). This study showed a 
small area of irregularity in the proximal por- 
tion of the internal carotid artery which pre- 
sumably represented postoperative changes. In 
addition, on the lateral view there was a line of 
radiolucency lying just anterior to the posterior 
border of the distal portion of the common 
carotid artery. The patient’s condition did not 
improve and he was eventually transferred to a 
State hospital. 


1954 


Fıc. 8. Case III. A second injection has been made 
above the block seen in Figure 6 and a normal 
bifurcation is demonstrated. 


Case 1v. F.T. This fifty-two year old white 
male had been suffering from mild attacks of 
coronary insufficiency for the past ten years. He 
had had five hospital admissions during the 
period from October, 1956 to November, 1959, 
always with the chief complaint of sudden onset 
of unconsciousness not connected with any 
convulsive movements, and always with a nega- 
tive neurologic examination. Because of the 
possibility of a cerebral vascular insufficiency 
syndrome, bilateral carotid angiography was 
performed in November, 1959 using the open 
technique. 

Examination of the early right carotid angio- 
grams revealed the contrast material to stop 
abruptly in the common carotid artery. The 
upper border of the opaque column had the 
appearance of a meniscus with the concavity 
directed inferiorly. On the three second and 
four second angiograms the vertebral artery was 
opacified. On the five (lig. 10) and six second 
angiograms a small amount of the contrast ma- 
terial was seen to have escaped the block. How- 
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Fic. 9. Case II. Angiogram made eleven weeks after 
Figures 6, 7, and 8. A valve can be seen in the up- 
per portion of the common carotid artery and an 
operative defect in the proximal portion of the 
internal carotid artery. 


ever, most of the contrast material remained 
proximal to it. 

The patient was later taken to the operating 
suite and the right common carotid artery and 





Fic. 10. Case IV. Five second angiogram showing 
that most of the contrast material is in the com- 
mon carotid artery and that the column has a 
rounded upper border. Some opaque medium is 
escaping the block to faintly outline the carotid 
bifurcation. 
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its branches were exposed. There were numer- 
ous adhesiors behind the common carotid which 
were considered to be pathologic. There was an 
oval circumscribed bluish area approximately 
2X1 cm. in “he medial wall of the vessel about 3 
em. belew the bifurcation. This was believed to 
represent a ocal infarct of rather recent origin. 
In addition there was a ridge of scar tissue on 
the anterior aspect of the common carotid about 
2 cm. below the area of infarction. There was no 
evidence of atheromatous change at palpation 
and powerful pulsations were felt in the com- 
mon carotid, internal carotid and external 
carotid arteres. It was also noted that the distal 
portion of tke common carotid artery just be- 
low the bifurcation was approximately twice the 
diameter of rhe more proximal portion of this 
artery, No attempt was made to open the 
carotid vessels, 





JISCUSSION 


We agres with Sirois ef alë that the 
angiographic appearance in these cases is 
caused by :he formation of a valve. The 
point of the needle first pierces the intima 
on the posterior wall of the common carotid 
artery (Pig. 11). This is followed by a lat- 
eral movement of the needle slicing the 
intima in a crosswise direction. The pres- 
sure of the blood flow then elevates the 
intima and strips it from the media to form 
a valve. The tip of the needle thus comes to 
he mm ind posterior to the lip of the 
valve. At this point the valve does not 
enl. occude the lumen of the artery 
(Fig. 12). When the contrast material is 
arora injected, the valve is elevated 
further, coming into contact with the 
anterior wal of the artery and completely 
occluding the vessel. During this period the 
artery may appear to be ballooned just 
below the block and contrast material may 
opacify the vertebral artery by retrograde 
flow. The outline of the head of the contrast 
material in the common carotid arterv is 
that of a meniscus with the concavity 
directed inferiorly. This condition lasts for 
three or four seconds and then the contrast 
material stats to escape around the valve 
as the pressare of the injection diminishes 
and the pressure in the common carotid 
artery returns to normal. We then see faint 
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Fic. 1:1. Diagram showing how the intima of the 
posterior wall of the common carotid artery is 
sliced in a crosswise direction. (Reproduced with 
permission of the authors and Yournal af Neuro- 
surgery.®) 


opacification of the bifurcation and proxi- 
mal portions of the internal and external 
carotid arteries. However, most of the 
contrast material remains trapped proximal 
to the valve. 

The faint crescentic line of radiolucency 
seen below the point of the needle in our 





Fic. 12. Line drawing showing the valve in profile 
The dotted line represents the position of the 
valve during and immediately after injection. 
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third case has also been described by Sirois 
and co-workers.’ It is apparently the edge 
of the elevated intima. This finding cannot 
always be distinguished on the angiograms. 
The ballooning of the distal portion of the 
common carotid artery is likewise not al- 
ways present. This latter sign may depend 
on the direction in which the opening of the 
needle is facing. If it is directed superiorly 
the contrast material will be forceably 
injected into the blind sac formed by the 
valve, thus causing expansion of the arterial 
wall. If it is facing inferiorly the force of the 
injection will be dissipated to a great extent 
against the blood flow and the arterial wall 
may not dilate. 

The most reliable signs of the presence of 
a valve are the meniscus appearance of the 
upper border of the contrast column and 
the eventual escape of a small amount of 
the material, revealing a normal bifurca- 
tion, while the major portion remains 
proximal to the area of obstruction. 

Review of 1,224 angiograms in our series 
has revealed onlv 3 cases of valve forma- 
tion, giving an incidence of slightlv less 
than 0.25 per cent. Because adverse signs 
and symptoms are rare following carotid 
artery puncture, we are probably unaware 
of the actual incidence of intimal damage 
without valve formation as a result of the 
procedure. This may be much higher than 
is suspected. Rowbotham ef a/l? performed 
postmortem examinations on 6 patients 
within ten days after they had undergone 
carotid angiography. In all cases the intima 
on the posterior wall of the carotid vessels 
had received one or more lacerations up to 
3 mm. in length. In one instance there was 
a hemorrhage in the media 1 cm. long and 5 
mm. across. This would correspond to our 
Case 11 and Case ir. In another of their 
cases, there was a friable thrombus project- 
ing into the lumen of the vessel from one of 
these lacerations. 

If a valve of the common carotid artery 
is suspected, a second needle should be 
inserted above the involved area into the 
common or internal carotid artery. This 
was done in our third case but we failed to 
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realize the significance of a normal carotid 
bifurcation. The measurement of retinal 
artery pressures may also suggest the pres- 
ence of this condition. If there is not more 
than a 13 per cent difference in the systolic 
retinal artery pressures, occlusion of the 
common carotid artery is unlkely.* Our 
Case 1 should have indicated this to us. 
Pressure on the contralateral carotid. ar- 
tery, as advocated by Gurdjian and co- 
workers,*? may also be of help in the detec- 
tion of this condition. 


SUMMARY 


1. Four cases of artificial valves of the 
common carotid artery are presented. 

2. An artificial valve is formed during 
carotid angiography bv the needle piercing 
the intima of the posterior wall of the com- 
mon carotid artery and moving in a cross- 
wise direction. The intima is then elevated 
and stripped from the media bv the pres- 
sure of the blood flow, thus forming a valve. 
This valve causes a partial obstruction to 
blood flow under norma. conditions and a 
complete obstruction under the abnormal 
conditions produced when the contrast 
material is injected. 

3. Vf a valve is suspected, a second needle 
may be inserted higher up in the common 
carotid arterv or in the internal carotid 
arterv. Measurement of the retinal artery 
pressures and compression of the contra- 
lateral common carotid artery may also 
help to rule out an occlusion. 

4. This lesion is important not only 
because it mav lead to the erroneous diag- 
nosis of an occlusion of the common carotid 
artery but also because of its possible 
sequelae, namely, dissecting hematoma and 
thrombus formation. 


Department of Radiology 
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THE ROENTGEN IMAGE OF THE SUBCLAVIAN 
ARTERY IN THE PULMONARY APEX 


By BELA GONDOS, M.D.* 


WASHINGTON, D. C. 


HE subclavian artery may cast a 

shadow in either pulmonary apex and 
can be recognized as such on a roentgeno- 
gram of the chest. In a review of 300 normal 
chest roentgenograms it was seen in one 
apex or in both apices in 40 per cent of the 
cases. It was more commonly observed on 
the left than on the right side, the approxi- 
mate incidence being 2:1. It appari as a 
curved homogeneous shadow 3-4 cm. in 
length, sometimes sharply but more often 
indefinitely delineated (Fig. 1, 4 and B). 
[- is projected in one of the UNS proximal 
posterior intercostal spaces, most commonly 
in the second and third; however, it may 
be completely or partly obscured by the 
ribs. When it is distinctly outlined, it can 


be followed on the left as a continuation of 


the ascending portion of the subclavian 
artery. This portion is commonly seen, to- 
gether with the common carotid artery, as 


a homogeneous shadow just to the left of 


the air column in the trachea. On the right, 
the subclavian artery may be identified 
as a branch of the innominate artery. 


REVIEW OF THE LITERATURE 

In a contrast study on a cadaver, Ass- 
mann? has demonstrated that the shadow 
described above is that of the subclavian 
artery. Since the advent of angiographic 
contrast studies 77 vivo, the location and the 
appearance of the opacified subclavian 
artery on chest roentgenograms has be- 
come well known. A well-documented paper 
on this subject was presented by Poker and 
associates.5 Nevertheless, the identifica- 
tion of the subclavian artery with the 
shadow seen on plain chest roentgeno- 
grams was not made. Poker and associates 
state that ‘““Roentgenographically, the sub- 
clavian arteries are invisible in frontal and 







lateral views. However, the left subclavian 
artery can be visualized 1 in the left anterior 
oblique view. . . .?8 The last sentence of 
the quoted statement refers to the first 
portion of the artery, which represents the 
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Fic. 1. (4) In the right apex, tie innominate artery 
and its bifurcation into the subclavian and com- 
mon carotid artery are visualized. In the left apex, 
the first part of the subclavian artery shows calci- 
fication in its wall. Because cf the angle of projec- 
tion, the second part is obscuzed by the second rib. 
(B) In the same patient as 4, but using a different 
angle of projection with the tube centered lower, 
the innominate artery can be recognized in the 
third intercostal space. Its bifurcation is obscured 
by the third rib. The right subclavian artery pro- 
duces a “‘haziness” in the second intercostal space. 
The left subclavian artery is well visualized in the 
second intercostal space. Compzre with the left 
subclavian artery in 4. (C) A laminagram in which 
both subclavian arteries are visualized also shows 
origin of the left internal thoracic (mammary) 
artery as a prominence on the lateral aspect. 
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anterior border of the triangular clear space 
formed with the spine and the aortic arch 
and seen in this view. 

Some of the standard textbooks and 
monogra»hs? 5.7. of diagnostic roentgenol- 
ogy describe and identify the shadow of the 
subc'avian artery in accordance with 
Assmann s suggestion, others? ?-!! seem to 
ignore it. Caffey’ s? aürhotitátive textbook 
on pediatric roentgenology describes and 
illustrates a shadow as "the companion 
shadow cf the left second rib" in the left 
apex which, by Assmann's criteria and by 
the observations of the present study, is 


considerel to represent the subclavian 
artery. Caffev considers this "companion 
shadow" to be the product of the heavy 


subcostal muscles on the internal aspect of 
the left second rib. The "companion 
shadow," first described by Albers-Schón- 
berg! (1908), has been a controversial sub- 
ject in the literature. According to one con- 
cept! it represents the proximal border of 
the pulmenary apex; another explanation? 
is that tke shadow is produced bv extra- 
pleural structures (subcostal muscles, the 
last cerv-cal sympathetic ganglion, the 
supreme thoracic artery and vein and 
the first -horacic nerve). Apparently the 
shadow produced by the subclavian arterv, 
as suggested in the present paper, was also 
interpreted as the "companion shadow of 
the second rib.” 

The present paper has two purposes: (1) 
to re-emphasize the accuracy of Assmann’s 
original osservation that the second por- 
tion of the subclavian artery may be 
visualized in the projection of the pul- 
monary apex in the posteroanterior view 
of the chest; and (2) to record additional 
observations. 


GROSS AND ROENTGEN ANATOMY 


The left subclavian artery is a branch of 
the aorta ind the right is a branch of the 
innominate artery. The first part of the left 
subclavian artery runs posteriorly and 
somewhat laterally to the thoracic portion 
of the coramon carotid artery. This seg- 
ment together with the common carotid 
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artery is commonly seen in the chest roent- 
genogram just lateral to the translucent air 
column in the trachea. Then the left sub- 
clavian artery turns toward the left. The 
rght subclavian artery reaches a some- 
what higher level than its counterpart; 
nevertheless, this vessel is considerably 
shorter than. the left because of its different 
origin. The proximally most prominent 
part of the subclavian artery is located be- 
hind the scalenus anterior muscle. From 
here the artery continues as far as the lateral 
border of the first rib to become tae axillary 
artery. Thus the scalenus anter or muscle 
divides the subclavian artery :nto three 
parts, the second being the one covered 
by this muscle. This portion measures ap- 
proximately 2 cm. in length and is mainly 
responsible for the shadow in the pulmo- 
nary apex. The rest of this shadew is made 
up of the adjacent portions of the first and 
third parts of the artery. 

Visualization on the roentgemogram is 
caused by a groove of variable depth in 
the apex of the lung. This groove decreases 
the sagittal diameter of this area cf the lung 
compared to that of the adjacen: portions 
of lung and determines the dens ty of the 
contrasting shadows on the roentgenogram. 
The difference in the depth of tie groove 
in different persons is one of the reasons 
why the shadow mav be demonstrated in 
one person and not in another. The less 
frequent incidence of a visible vascular 
shadow on the right is the result of the 
asymmetry of the anatomy of the lungs. 
The groove on the right side is generally 
more shallow than that on the left; the 
relatively higher position of the second 
part of the artery on this side probably 
represents a contributing factor. Occasion- 
ally, on roentgenograms of excellent qual. 
ity, particularly on laminagrams, the origin 
of the internal thoracic artery (internal 
mammary artery) can be seen oa3 the in- 
ferior aspect (Fig. 1C). This branch of the 
subclavian arterv arises from the inferior 
surface of the first part opposite tie thvro- 
cervical trunk. 

The caliber of the subclavian a-tery has 
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been determined by angiocardiographic 
studies; the average is given as 0.9 cm.’ 
Measurements performed in a small num- 
ber of our cases on conventional chest 
roentgenograms showed a range of 0.9- 1.1 
cm., the average being approximately 1.0 
cm. This somewhat higher average is ex- 
plained by the fact that these measure- 
ments include not only the lumen but the 
wall of the vessel as well. 

A clear definition of the subclavian artery 
can be obtained only when both the supe- 
rior and inferior contours are visualized. In 
cases where the two contours are ob- 
scured by the ribs or are poorly defined 
because of the angle of projection, the 
shadow presents itself as a “diffuse hazi- 
ness" (Fig. 1B). The demonstration of the 
subclavian artery is greatly influenced by 
the anatomy of the thorax, the width of the 
intercostal spaces, and the projection angle 
employed. It was found that a slight ceph- 
alad angulation of the central beam (with 
the tube placed in a lower position) results 
in better visualization of the subclavian 
artery in the posteroanterior view than by 
the usual method (Fig. 5, Æ and B). A 
similar result can be obtained in the antero- 
posterior view by using a caudally tilted 
tube, a technique originally employed by 
Albers-Schónberg for visualization of the 
pulmonary apex. The same projection is 
used for anteroposterior roentgenograms of 
the cervical spine, and the subclavian 
artery is commonly depicted on these 
roentgenograms if the pulmonary apex is 
included. 


CORRELATIVE ROENTGEN FINDINGS 


Although Assmann's autopsy study and 
modern angiocardiographic observations 
locate the subclavian artery where the 
questionable shadow can be seen on plain 
roentgenograms, the identification cannot 
be made with absolute certainty. In the 
present study we collected material other 
than angiocardiographic studies with the 
purpose of adding further support to this 
concept and possibly eliminating any doubt 
that the apical shadow in question repre- 
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sents the subclavian artery. 

1. Calcium salt deposition in one part of 
the wall (the media) of the subclavian 
artery may produce a contrast effect sim- 
ilar to that of an angiocardiographic study 
(Fig. 2). In the case where the calcium salt 
deposition is not evenly distributed, the 
direct continuity of the calcific shadow with 
the soft tissue shadow of another part of 
the artery identifies the latter as the sub- 
clavian artery (Fig. 3, Æ and B). By the 
dotted line and the plaques produced by 
the calcification, nature provides an illus- 
tration comparable to an anatomic draw- 
ing. This "illustration" prcvides more con- 
vincing evidence than any contrast study 
could produce. 

2. In pneumothorax the subclavian ar- 
tery is visualized against the background 
of the air-containing pleural cavity (Fig. 4). 
Because of the increased contrast, the ar- 
tery is seen more clearly than in a normal 
chest, although the physical factors are the 
same since the sagittal diameter of the 
pneumothorax cavity at the level of the 
subclavian artery is shorter than that of the 
adjacent area because of the persistence of 
the groove on the parietal pleura after the 
collapse of the lung. In emphysema, pneu- 
matocele and cystic disease a similar situa- 
tion may exist, the contrast being effected 





Fic. 2. Extensive calcification in the wall of the left 
subclavian artery. Note that both the first and the 
second parts of the artery can be identified. 
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by the proportion of lung tissue to the air 
content «f the lung in the area of the apex 
(Fig. 5, Z and B). In any infiltrative proc- 
ess of the pulmonary apex the contrast de- 
creases and the subclavian arterv shadow 
becomes obscured. 

3. Laminagraphy is an excellent method 
for demonstration of the subclavian artery 
(Fig. 1C . The shadow in question is best 
visualized in cuts where the groove of the 
subclavizn artery is located in the anterior 
aspect of the pulmonary apex. This cut is 
usually ac a distance of g1—11 cm. from the 
posterior wall. Demonstration of the ar- 
tery is more frequent by this technique 
than by conventional roentgenography. 


CLINICAL SIGNIFICANCE 

The shadow of the subclavian artery may 
be incorrectly iaterpreted as pulmonary 
infiltration or thickening of the apical 
pleura. If calcification is present in the wall 
of the vessel, this may erroneously be con- 
sidered tc be due to tuberculosis or histo- 
plasmosis. In doubtful cases an effort 
should be made to clearly define the 
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Fic. 3. (4) Posteroanterior and (B) lateral roentgeno- 
grams showing calc fication in the wall of the left 
subclaviar artery. In the second part the calcifica- 
tion mainly involves the superior wall, whereas the 
inferior asoect of the subclavian artery is seen as a 
“soft tissue shadow.” This combination of findings 
and the ateral view identify the "soft tissue 
shadow" zs that of the subclavian artery. The ir- 
regular caxcification in the right apex is probably 
that of the right subclavian artrey. 
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Fic. 4. A right pneumothorax. Note the good 
delineation of the right subclavian artery. 


vascular shadow in an attempt to confirm 
or to rule out disease of the lung or the 
pleura (Fig. 6). 

On the right side, visualization of the 
subclavian artery may be helpful in identi- 
fication of the innominate artery. This may 
be of importance in the differential diag- 
nosis between an elongated or dilated in- 
nominate artery and masses of the superior 
mediastinum. Thus an unnecessary surgical 
procedure undertaken on the basis of a 





Vic. 5. Cystic disease of the left lung. Note that both 
the first and second parts of the left subclavian 
artery are visualized as one continuous structure. 
(4) The artery is clearly visualized in the third 
intercostal space. (B) Using a different projection 
angle with the tube higher, the artery is partially 
obscured by the second rib. 
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Fic. 6. Thickening and a calcification of both apical 
pleurae. Since the shadows can be followed later- 
aly beyond the medial border of the first rib, this 
differentiates this finding from shadows of the sub- 
cavian arteries. 


diagnosis of an “intrathoracic” thyroid can 
be avoided. 


SUMMARY 


The subclavian artery (one or both) can 
be visualized as a curved, band-like soft 
tissue shadow in the pulmonary apex in 
about 40 per cent of plain chest roentgeno- 
grams. This was first demonstrated by 
Assmann.’ Additional observations reported 
in the present study (laminagrams, plain 
roentgenograms of cases of calcification in 
the wall of the artery, pneumothorax, 
pneumatocele, etc.) provide further sup- 
port for this concept. Incorrect interpreta- 
tion of the shadow in question may lead to 
erroneous diagnosis of apical infiltration or 
pleural or parenchymal calcification. 


Bela Gondos, M.D. 

Department of Radiology 

D. C. General Hospital 

19th Street and Massachusetts Avenue, S.E. 
Washington 3, D. C. 


The author wishes to express his appreciation 
to Dr. Marion Faris for her cooperation in the 
statistical study of this paper. 


Bela Gondos 


2 


un 


-I 


10, 


DECEMBER, 1961 


REFERENCES 


. ALBERS-SCHONBERG. Die Róntgentechnik. Grate 


& Silben, Hamburg, 1913. 


. Assmann, H. Die Klinische Róntgendiagnostik 


der Inneren Krankheiten. Springer-Verlag, 


Berlin, 1949. 


. Carrey, J. Pediatric X-Ray Diagnosis. Third 


edition. Year Book Publishers, Chicago, 1956. 


. Dantetius, G. Experimentelles über den Verlauf 


der oberen Lungengrenze im Róntgenbilde. 
Fortschr. a. d. Geb. d. Rüntgenstrahlen, 1929, 40, 
249-201. 


. Knutson, F. Zur Kenntnis der normalen Rónt- 


genologie der Pleura Parietalis. Æcta radiol., 
1932, 23, 638-677. 


. DE Lorimier, A. A., Mrnnixo, H. G., and 


Hamman, J. R. Clinical Roentgenology. 
Charles C Thomas, Publisher, Springfield, I1., 
1955. 

Mescuan, I. J. An Atlas of Normal Radio- 
graphic Anatomy. Second edition. W. B. 
Saunders, Philadelphia, 1959. 


. Poker, N., Fix By, N., and STEINBERG, I. Sub- 


clavian arteries: roentgen study in health anc 
disease. Am. J. ROENTGENOL., Rap. THERAPY 
& Nucrear MED., 1958, 80, 195-216. 


. Rasin, C. B. Radiology of the chest. In: Diag- 


nostic Roentgenology. By Golden, R. Wil- 
liams & Wilkins, Baltimore, 1952. 

RicLER, L. G. The Chest: A Handbook of Roent- 
gen Diagnosis. Second edition. Year Book 
Publishers, Chicago, 1954. 


. Rrrvo, M. Chest X-Ray Diagnosis. Second edi- 


tion. Lea & Febiger, Philadelphia, 1956. 


. Scuiwz, H. R., Baenscu, W. E., FRIEDL, E., and 


UrurrNGER, E. Roentgendiagnostics. Trans- 
lated by Case, J. T. Grune & Stratton, New 
York, 1951-1954. 


. TwixNiNG, E. W., and Kerzey, P. Respiratory 
> > y I . 


system. In: A Textbook of X-Ray Diagnosis. 
Second edition. Edited by Shanks, S. C., and 
Kerley, P. W. B. Saunders, Philadelphia, 195c. 


Vou. 86, No. 6 


CINEFLUOROGRAPHY OF CORONARY 
ARTERY CALCIFICATION* 


CORRELATION WITH CLINICAL ARTERIOSCLEROTIC HEART 
DISEASE AND AUTOPSY FINDINGS 


By ARTHUR LIEBER, M.D., and JOSEPH JORGENS, M.D., Pu.D. 


MINNEAPOLIS, MINNESOTA 


C INEILUOROGRAPHY of the heart is 
the »est roentgenologic method for 
detecting coronary calcification,’ usually 
considerec direct evidence of coronary 
artery disease. The purpose of this study 
was to firi any correlation between clini- 
cally man tested arteriosclerotic (ischemic) 
heart disease and coronary calcification as 
seen at cizefluorography of the heart. Pre- 
vious roenz zenologic studies? 1916.17.20 with- 
out the aid of cinefluorography have been 
unsuccessmil in this respect. 


HISTORY 


Lenk? ir 1927 first demonstrated a calci- 
fied coron.ry artery on a chest roentgeno- 
gram of a oving patient, a sixty-eight year 
old man with a left ventricular aneurvsm 
and no ca-diac symptoms. He hoped that 
with the 3ucky technique and short ex- 
posures mere coronary calcifications would 
be seen. 

Wosika and Sosman? in 1934 reported 
2 men and ¥ woman with roentgen evidence 
of calcifiec coronary arteries, all of whom 
had angine. 

Snellen ind Nauta! in 1937 collected 40 
cases of cc-onary calcifications; there were 
32 men ard 8 women, ranging in age be- 
tween fifty-seven and eighty-five years. 
Three had calcification of both right and 
left coronary arteries; 37 had calcification 
of the left -oronarv artery only. They used 
no special techniques or positions, but relied 
on routine posteroanterior and oblique 
views of the chest. Seventeen of their pa- 
tients had cardiac symptoms, mostly an- 
gina. The authors felt they could not judge 


the clinical value of detecting coronary 
calcification by roentgenography because 
of the way they had selected their patients. 

Sosman in 1943 discussed the technique 
for locating and identifying pericardial and 
intracardiac calcifications. He was of the 
opinion that roentgen evidence of coronary 
sclerosis did not imply angina but indicated 
a specific type of damage in a specific place 
and could be reported only as such. Over a 
ten year period he found 42 coronary calci- 
fications by fluoroscopy. 

Habbe and Wright? in 1950 used mul- 
tiple, high-speed spot roentgenograms to 
detect coronary calcifications. Over a two 
and one-half vear period they examined 
every cardiac patient over the age of forty 
years, taking a minimum of four spot 
roentgenograms in different positions, and 
found 28 such cases, 3 per cent of the total 
cases examined by this method. They added 
kymography when necessary. They be- 
lieved that by their method they found 
twice as many cases as is possible by 
fluoroscopy alone. 

Reich and Witten? in 1957 reported 6 
patients (5; men and 1 woman) with left 
coronary artery calcifications. They found 
the most common site of calcification to be 
beneath the left heart border in the region 
of the upper left ventricular contour. Two 
of their patients had angina and 1 had a 
coronary occlusion, although 5 of the 6 had 
negative electrocardiograms. 


MATERIALS AND METHODS 


Our material consisted of two groups of 
predominantly white male Veterans Ad- 


* From the Department of Radiology, Veterans Administration Hospital, Minneapolis, Minnesota, and the University of Minne- 


iota, Minneapolss, Minnesota. 


Presented at tae Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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ministration Hospital patients, a control 
group of patients without detectable heart 
disease and a larger "heart disease group" 
with suspected or evident cardiac disease 
including ischemic heart disease. 

The control group was made up of 60 
men, 15 in each decade from ages forty to 
eighty, with normal hearts as far as could be 
determined by histories, physical examina- 
tions, electrocardiograms, and chest roent- 
genograms. These patients were hospital- 
ized for various noncardiac causes. No one 
with hypertension or diabetes mellitus was 
included. All underwent cinefluorography 
for the purpose of detecting coronary calci- 
fication. 

The heart disease group consisted of 630 
consecutive patients, predominantly male, 
referred to the radiologv department for 
cinefluorography of the heart for suspected 
or known heart disease of various types. 
Practically all were cases of acquired heart 
disease. Cinefluorograms were obtained 
during the nineteen month period between 
January 1, 1958 and July 31, 1959, and 
those showing coronary calcification on the 
initial reading were reviewed and two fac- 
tors were studied: 

(1) The distribution of calcification be- 
tween the three main coronary branches, 
the anterior descending and circumflex 
branches of the left coronary artery and the 
right main coronary artery, was ascertained. 
Due to the difficulty in deciding whether a 
collection of calcium was in the main stem 
of the left coronary artery or in the anterior 
descending branch, all of this calcium was 
considered to be in the anterior descending 
branch, since it has been shown that the 
most common point of calcification is in 
that branch just distal to the bifurcation 
of the main left coronary artery. ^^ Cal- 
cium in the circumflex branch was usually 
easy to identify and to locate accurately. 

(2) The degree of calcification was de- 
termined. This was graded by 2 observers 
on a one to four plus scale. 

The clinical records of all of the heart 
disease group patients in whom coronary 
calcification was revealed by cinefluorog- 
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raphy were then reviewed for the presence 
of angina, electrocardiographic evidence of 
old or new myocardial in^arction, and a 
clinical diagnosis of arteriosclerotic heart 
disease. The latter diagnosis was reached 
by the ward physician in practically all 
cases bv considering the usual clinical 
criteria for that particular type of heart 
disease and independent of the finding of 
coronary calcification at cardiac cinefluor- 
ography. The same evaluation was made 
of the records of 80 patients without coro- 
nary calcification chosen at random from the 
heart disease group and the clinical findings 
of both subgroups were compared. There 
were § women in these two subgroups. 

Twenty-one autopsy protocols of pa- 
tients who had had cardizc cinefluorogra- 
phies were reviewed. The presence or ab- 
sence of coronary calcium on each cine- 
fluorogram was correlated with the pres- 
ence or absence of coronary atherosclerosis 
and myocardial fibrosis at postmortem 
examination in the same patient. 

The cinefluorographic unit consisted of a 
Westinghouse five inch image intensifier 
equipped with a 16 mm. Kodak motion 
picture camera. The film was Kodak Lina- 
graph Shellburst film in one hundred foot 
rolls, developed in standard x-ray solutions 
and dried in air. The cinefluorograms were 
viewed with a 16 mm. Bell and Howell 
projector. 

Our technique of cardiac cinefluorogra- 
phy,® briefly described, consists of six film 
sequences: (1) in the posteroanterior view, 
the field sweeps along the right heart 
border from the diaphragm to the superior 
vena cava and (2) along the left heart 
border from the aortic arch down to the 
left hemidiaphragm; (3) in the right ante- 
rior oblique projection, we record from the 
diaphragm to the pulmonary arteries and 
then down the left heart border to the 
diaphragm again; (4) in the left anterior 
oblique position, the right atrium, the 
ascending aorta and the mid-cardiac mass 
are scanned, followed by (5) a record of the 
posterior border of the heart; finally (6) 
in the right lateral view a recording of the 
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posterior border of the heart and the mid- 
cardiac mass is again obtained. 

Usually 30 to 40 feet of film, at the rate 
of 15 frares per second will record a rou- 
tine cardiac cinefluorographic examination. 
At 110 kv., the ma. will fluctuate between 5 
and 15 for an average-sized individual. 
Total racaation exposure averages about 
20 r in air, delivered to a constantly chang- 
ing skin feld through a portal 4.75 inches 


in diameter. 






RESULTS 

Table 1 compares by decades the inci- 
dence of coronary calcification between the 
control aad heart disease groups. Both 
groups showed a steady rise in coronary 
calcification with age up to a peak in the 
sixty to sixty-nine vear group, followed by 
a drop in the seventy to seventy-nine year 
group. The slight differences in the per- 
centages »etween the control and heart 
disease groups are not significant. Both 
groups showed an average incidence of 
coronary calcification of 25 per cent in the 
forty to seventy-nine year age range. Of 
the 630 known or suspected heart disease 
patients or whom cinefluorographies were 
performed, 150 or 23.8 per cent showed 
coronary calcification. 

Table tr shows the age distribution of 





Tape Í 
COMPARISCN OF INCIDENCE OF CORONARY CALCI- 
FICATION BETWEEN CONTROL AND HEART 
EASE GROUPS BY DECADES 











Heart Disease 


Control Group* 


Age l 60 Patients Group} 
Groups 630 Patients 
(per cent) (per cent) 
20-29 o 
30-39 9 
40749 13 8 
$0-$9 27 22 
60-69 40 36 
70-79 20 AZ 
80-89 40 


| 
| 
i 
i 





* No detectalv< heart disease. 
T Suspected or known heart disease of various types including 
arteriosclerotic. 
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Taste II 
AGE DISTRIBUTION OF PATIENTS IN HEART 
DISEASE GROUP USED FOR CLINICAL 
CORRELATION STUDY 








No Coronary 


Calcification 


Coronary 
Calcification 


Age Groups No. in Per Cent No. m Per Cent 








Each in Each Each in Each 
Age Age Age Age 

Group Group Group | Group 
20-29 o o 5 6 
30739 7 5 12 I5 
40-49 8 5 15 19 
50-59 22 Ig 13 16 
60-69 92 61 28 35 
70-79 17 II 6 8 
80-89 4 3 I 1 








Three females were included in this group. 


the 150 patients with coronary cakification 
and the 80 randomly selected patients with- 
out calcification, all within the Feart dis- 
ease group. The sixty to sixty-rine year 
age bracket contained the largest number 
of patients in both groups. There were more 
younger patients among those without 
coronary calcification than amoag those 
with calcium. This produced an average 
age difference of about ten years (€2.4 years 
as compared to 52.5 years) between the 
two groups. À comparison of the signs and 
symptoms of ischemic heart disease be- 
tween these groups was, therefo-e, made 
bv decades rather than by total numbers. 

Table 111 compares those patients with 
coronary calcification and those n whom 
no calcification was found with respect to 
incidence of angina, electrocardiographic 
evidence of old or new myocardial infarc- 
tion, and clinical diagnosis of ischemic heart 
disease. Age groups twenty to twenty-nine 
and eighty to eighty-nine were omitted be- 
cause of an insufficient number of patients 
in those decades. The table shows a sub- 
stantially higher incidence or ar-erioscle- 
rotic heart disease in all age groups in those 
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Tase III 


INCIDENCE OF ANGINA, ELECTROCARDIOGRAPHIC EVIDENCE OF MYOCARDIAL INFARCTION AND CLINICAL 
DIAGNOSIS OF ARTERIOSCLEROTIC HEART DISEASE IN PATIENTS WITH AND WITHOUT CORONARY 
CALCIFICATION AT CINEFLUOROGRAPHY 














Calcification Seen No Calcification Seen 
(150 Patients) (80 Patients) 





Age Groups* DEI EUREN are Arteriosclerotic 
Angina | Infarctf B Do Angina | Infarct} Heart Disease 


(per cent) | (per cent) (per cent) (per cent) | (per cent) (per cent) 








30-39 42.9 28.6 57.1 8.3 8.3 8.3 
40-49 50.0 50.0 50.0 13.38 0.0 0.0 
50-59 36.7 18.9 45.5 30.8 15.4 38.5 
60-69 41.3 31.5 60.9 21.4 17.8 32.1 
70-79 41.2 35.3 52.9 0.0 0.0 16.7 








* Age groups 20-29 and 80-89 omitted because of insufficient number of patients in these decades. 
1 No electrocardiogram available in 4 patients. 

t No electrocardiogram available in 3 patients. 

$ Represents 2 patients with angina due to rheumatic aortic stenosis. 


cases where coronary calcium was demon- nary calcification; the right main artery and 
strated at cinefluorography. This difference the left circumflex branch were second and 
was particularly high in the younger age third, respectively. Most of the calcium 
brackets, thirty to thirty-nine and forty to was usually confined to the proximal por- 
forty-nine years. 





Tablezv shows that the incidence of clini- Taste V 
cally manifested ischemic heart disease DISTRIBUTION OF CALCIUM AMONG CORONARY 
rises in direct relation to the number of ARTERIES AS SEEN AT CINEFLUOROGRAPRY 
coronary branches exhibiting calcium on IN I§0 PATIENTS 
cinefluorograms. The amount of coronary 

: calcium in any one branch appeared to show Artery No. of 
: : : f Times Calcified 

no definite correlation with the presence o 
clinical arteriosclerotic heart disease. Left anterior descending artery 136* 

Table v shows the distribution of cal- Right main coronary artery 59 
cium among the three main coronary Left circumflex artery 25 
branches in 150 patients with coronary Two arteries 36 

Three arteries 13 


calcifications. The left anterior descending 
branch was the most frequent site of coro- —  * Includes calcium in left main coronary artery. 








Tase IV 


RELATION OF EXTENT OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY TO INCIDENCE OF CLINICAL 
DIAGNOSIS OF ISCHEMIC HEART DISEASE 














No. of Coronary Arteries No. of Patients with 
Calcified at No. of Patients Arteriosclerotic Heart Per Cent 
Cinefluorography Disease 
One IOI $3 52 
Two 36 23 64 
Three 13 II 83 


Total 150 





tion of each artery. Two main branches 
were calcified in 36 patients and all three in 
13 patients. 

Table vi is a correlation of the presence 
of calcification at cinefluorography with the 
degree cf coronary atherosclerosis found at 
autopsy in 15 patients. Table vri shows the 
correlaton between the absence of calcifi- 


cation az cinefluorography and the state of 


the corcnary arteries and the myocardium 
at necrcpsy in 6 patients. Table vr shows 
the exceptionally high correlation of coro- 
nary calcium seen in vito with moderate to 
severe «oronary atherosclerosis at. post- 
mortem examination. Table vri, on the 
other hand, 
coronary calcium appears to point to nor- 
mal corcnary arteries. The tables also show 
that hezrt enlargement did not appear to 
interfere with the cinefluorographic recog- 
nition cf coronary calcium as much as 
expectec. 


DISCUSSION 


In order to demonstrate even. slight 
amounts of coronary calcification and as 
many calcifications as possible, a definite 
sequence of cinefluorography, with all the 
positions outlined previously, should be 

used. It is important in ascertaining the 
presence of coronary calcification to scru- 


tinize the location, movement and form of 


the calcic deposits.*?:5/6 

Examples of location and movement are 
shown in Figures 1-4. The form of calcium 
depositien varies from long densities com- 
posed o^ parallel interrupted lines resem- 
bling sderotic extremity arteries to the 
fleck of calcium seen in a minimally calcified 
left corenary artery when it is foreshort- 
ened in che left anterior oblique view. The 
curvilinear character of coronary calcifica- 
tions aics in their detection. 

Althoagh with cinefluorography the de- 
tection of coronary calcification has been 
greatly improved as shown by our discovery 
of cororary calcium in 25 per cent of a 
group o: males without heart disease, the 
method 5y no means visualizes all coronary 
calcium present. Blankenhorn and Stern? 


indicates that the absence of 
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ority of whom were over fo-ty years of 
age atid had died of various cardiac and 
noncar causes, showed co-onary cal- 


oentgenograms of the heart after 







jell as other studies ^ 18 its pres- 
tes considerable intimal athero- 
d coronary stenosis at the points 


There are many factors asice from the 
small size of the calcification which may 
be responsible for nondetection of coronary 
calcification by cinefluorography.? These 
are obesity, cardiomegaly, pulmonary con- 
gestion and effusion , pulmonary and pleural 
disease of noncardiac origin, failure to ex- 
amine the heart in all positions, and inat- 
tentiveness or inexperience on the part of 
the observer. 

The increasing incidence of coronary 
calcification with age is well known!" and 
is shown in Table 1. The drop m incidence 
between the seventh and eighth decades in 
our series, if real, makes one speculate that 
an increased death rate from ischemic 
heart. disease during the seveath decade 
may have produced this drop and that per- 
haps this decade represents a critical period 
in those with coronary calcificat on. 

We found a much higher prevalence ot 
clinical ischemic heart disease in patients 
with coronary calcification then in those 
without calcium (Table n1). This differ- 
ence was even higher than expected. Fifty- 
eight per cent of 150 patients showing 
coronary. calcium on cinefluorozrams were 
diagnosed as having clinical ischemic heart 
disease as ‘compared with 39 per cent of a 
comparable group without coronary calci- 
fication. © 

The direct relationship between the 
number of calcified coronare branches 
found at ¢inefluorography and the incidence 
of arteriosclerotic heart disease (Table 1v) 
was expected. Not only did 11 of 13 patients 
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Taste VI 


CORRELATION OF PRESENCE OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY WITH STATE OF 
CORONARY ARTERIES AND MYOCARDIUM AT AUTOPSY 




















At Cinefluorography At Autospy 
De 4 
Na C M icon 
Age Heart Sizes |] o nu Left Coronary Artery Right Coronary Artery} Myocardium 


Left | Right 















































































































































1 66 | Generalized o a+ 80°% occlusion of anterior descend- | Fresh occlusion 6 cm. | Scarring 
enlargement ing artery; complete occlusion of | from ostium 
circumflex 
2 64 | Left ventricular | o 2+ Marked atherosclerosis of coronary arteries with numer- | Fresh infarct in sep- 
enlargement ous areas of pin-point narrowing tum; fibrosis of left 
ventricular myocar- 
dium 
3 Moderate i+ o Marked atherosclerosis of anterior | Relatively uninvolved| Complete loss of 
enlargement descending and circumflex arteries myocardium along 
lateral wall of left 
ventricle 
4 Generalized ic o Anterior descending and circum- | Moderate sclerosis; | Diffuse fibrosis of 
enlargement flex arteries densely calcified; maxi- | narrowed to 15% of | myocardium 
mum narrowing in anterior descend- | normal 
ing artery 40% of original lumen 
No enlargement | 1+ Minimal sclerosis at bifurcation; | Ostium ṣo% nar- 
otherwise normal rowed by sclerosis 
Left ventricular | 2+ o Coronary arteries mildly sclerotic but wide open Normal 
aneurysm 
7 64 | Severe t+ o Moderate to severe atherosclerosis in all branches with | Thinning over dis- 
enlargement scattered calcium in al) branches tal two-thirds of lat- 
eral wall of left ven- 
tricle 
bc o enlargement | 14+ o 8o% obliteration of anterior de- | 80% occluded 2 cm. | Flabby;microscopic 
scending artery 2 cm. from ostium; | from ostium study showed focal 
circumflex gof% occluded scarring and loss of 
cardiac muscle 
CR Ls LENS ior: P ERE Poe CEDE = 
9 64 | Moderate left | 1+ o Lumen of anteriordescendingartery| Narrowed by c Extensive fibrosi 
| ventricular en- about 10% of normal; circumflex lower two-thirds of 
| largement | least affected septum and apex 
E | 
i | | 
10 6c | Left ventricular 24+ 1+ | Calcification in anterior descending! Calcification in media Thinning at apex of 
j enlargement and circumflex arteries about 4 cm.| for 4 cm. beyond os- | left ventricle about 
i in length tium 4 cm. in diameter 
n 62 | Generalized left Anterior descending artery severely Apex of left ven- 
ventricular en- sclerotic tricle thinned to 4 
largement mm. 
12 69 | Slight 3+ | Coronary arteries showed considerable amount of calcifica- | Three small patches 
enlargement tion in their walls but the lumina not appreciably | of hemorrhagic soft- 
| narrowed ening in left ventric- 
| | ular wall 
— RÀ eT : EU ERU 
13 6: | No o Minimal calcification in first 2 cm. | Atherosclerosis but | Negative 
of anterior descending branch no calcium 
EEIE, —— = xus aed 
14 Left ventricular 1+ Severe calcification of both coronary arteries with marked | Slight softening of 
enlargement narrowing but no occlusion left ventricle pos- 
i teriorly 
E: 44 | Left ventricular o Coronary arteries widely patent throughout; calcification | Normal 
enlargement and stenosis of aortic valve 
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Cinefluorography of Coronary Calcifications 





Tase VII 


CORREL. TION OF ABSENCE OF CORONARY CALCIFICATION AT CINEFLUOROGRAPHY WITH STATE OF CORONARY 
ARTERIES AND MYOCARDIUM AT AUTOFSY 
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A- Cinefluorography 


At Autopsy 






































No. 
Age | Size of Heart Left Coronary Artery Right Coronary Artery Myocardium 
I :9 | Generalized | Anterior descending artery | Extreme atherosclerosis | Large infarct in pos- 
enlargement | markedly sclerotic; lumen terior wall of left ven- 
of circumflex less than 50% tricle 
of normal 
2 40 | No Normal Normal Normal 
enlargement 
3 71 | Generalized | Coronary arteries very patent with no evidence of | Normal 
enlargement | atheromatous degeneration 
4 $1 No Normal Normal Normal 
enlargement 
5 J Generalized Normal Normal Thinning of interven- 
enlargement tricular septum 
6 ^5 | Enlarged Coronary arteries patent except for small segmental | Norma! 





"ic. 1. Pasteroanterior view showing the movement 
ard position of the coronary arteries. 











narrowing of anterior descending branch about 1.0- 


O.5 cm. from ostium 











Fic. 2. 


Circumflex Br. 


Anterior 


IBI T Br 


of Left Coronary 


Right 
Coronary 





Right anterior oblique view showing the 
position and movement of the coronary arteries. 


1070 





Bigs; (3: 
position and movement of the coronary arteries. 


Left anterior oblique view showing the 


(83 per cent) with all three major branches 
calcified carry a clinical diagnosis of arterio- 
sclerotic heart disease (in contrast to an 
over-all arteriosclerotic heart disease inci- 
dence of 58 per cent in the 150 patients 
with coronary calcium), but these 13 pa- 
tients also had an infarct incidence of 50 
per cent (in contrast to an over-all infarct 
percentage of 30.7 in the 1 £o patient group). 
This observation could represent an im- 
portant factor in the individual prognosti- 
cation of the risk of arteriosclerotic heart 
disease and myocardial infarction when 
using cinefluorography as a screening 
method. 

The left anterior descending coronary 
artery was found to be the most commonly 
calcified branch (Table v), which agrees 
with autopsy studies.” 1?! 

Autopsy studies shown in Table vr indi- 
cate that 13 of 15 patients with coronary 
calcium seen at cinefluorography had 
moderate to severe atherosclerosis of the 
coronary arteries. Of the remaining 2 
patients, one had mild coronary sclerosis 
while the other had normal coronary arter- 
ies but had calcification and stenosis of 
the aortic valve. This last case probably 
represents either an error in locating the 
calcium on the part of the radiologists, or a 
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negative error on the part of the patholo- 
gist. 

Most of the patients in whom moderate 
to severe coronary atheromatosis was 
found at autopsy also had marked narrow- 
ing of one or more coronary branches. Ten 
of the 13 patients had localized or diffuse 
myocardial fibrosis. Ten also had cardiac 
enlargement of various degrees which ap- 
parently did not interfere with the detec- 
tion of coronary calcium at cinefluorog- 
raphy. 

A recent pathologic study of 667 post- 
mortem hearts of individuals, fifteen vears 
of age and older at a New York State hos- 
pital, also revealed a relationship between 
the presence of coronary artery calcifica- 
tion and myocardial infarction, as well as 
increasing probability of infarction with an 
increase in the number of coronary arteries 
calcified." 

To further attest to the accuracy of cine- 


Ant. Desc. 
Branch » 


Circumflex 
Branch 





Fic. 4. Left lateral view showing the position and 
movement of the coronary arteries. The right 
coronary artery is usually anterior to the anterior 
descending branch of the left coronary artery in 
the left lateral view. In the case illustrated here 
an abnormally large left ventricle displaces the 
left coronary branch anteriorly. 
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flaorog-aphy in detecting coronary artery 
disease. $ of 6 patients (Table vii). with 
known or suspected heart disease but with 
no caleium revealed at cinefluorography 
were found to have normal coronary arter- 
ies and myocardium at autopsy. In only 
one pacient was severe coronary athero- 
sclerosi- observed at necropsy which could 
not be detected during cinefluorogr aphy of 
the heart i vivo even after review of the 
cinefluccogram. However, generalized car- 
diomeg..ly was present in this patient. 

We pian to follow those patients in this 
studv ia whom coronary calcification was 
revealec at cinefluorography but who, as 
vet, do aot exhibit the signs and symptoms 
of ischemic heart disease. We will then 
compar- them with a similar group of pa- 
tients w thout demonstrable coronary calci- 
fication with respect to time and manner 
of onset of clinical arteriosclerotic heart dis- 
ease. 

Since coronary arteriography at present 
is still uasuitable for routine use due to the 
complex:ty of the equipment and the haz- 
ard to tae patient,” the relatively simple, 
rapid, aad innocuous method of cinefluor- 
ography may be the most efficient screening 
procedure for the detection of potential 
candida es for arteriosclerotic heart disease 
at a time when no electrocardiographic 
changes or signs and symptoms are present 
to indiczte the extent of coronary athero- 
sclerosis 


SUMMARY AND CONCLUSIONS 


Carefully 
the hear- revealed a high number of coro- 
nary artery calcifications. Cardiac enlarge- 
ment dic not interfere as much as expected. 


Autopsies showed that visualization of 


calcification on cinefluorograms 
considerable coronary athero- 


coronary 
indicatec 
sclerosis. 

In one-fourth of a control group of 60 
male patients between forty and seventy- 
nine yeass without detectable heart disease 
and one--ourth of a group of patients in the 
same age bracket with known or suspected 


Cinefluorography of Coronary Calcifications 


carried out cinefluorography of 
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heart disease of various types including 
ischemic heart disease, coronery calcifica- 
tion was revealed at cinefluorcgraphy. 

Fifty-eight per cent of 150 predom- 
inantly male patients with coronary cal- 
cium found at cinefluorography had ar- 
teriosclerotic heart disease by ‘clinical eval- 
uation as compared with 39 per cent of a 
comparable group without coronary calci- 
fication. 

There was a much higher :ncidence of 
angina and myocardial infarction in cases 
where coronary calcium was detected at 
cinefluorography. 

There was a direct relation between the 
numberof major coronary branches calcified 
as revealed by cinefluorography and the in- 
cidence of clinically manifested arterio- 
sclerotic heart disease. Eleven of 13 men 
with three major branches calcified had 
signs or symptoms of ischemic heart disease. 

There appears to be a high correlation 
between coronary calcification as detected 
by cinefluorography and clinically mani- 
fested arteriosclerotic heart disease in males 
if heart disease is evident or suspected. 

Although cinefluorographic evidence of 
coronary calcium dy itself appears to be un- 
reliable for predicting the presence of 
symptomatic ischemic heart disease, it 
may prove to be a good indicator of poten- 
tial ischemic myocardial disease. 


Arthur Lieber, M.D. 

Department of Radiology 
Veterans Administration Hospital 
Minneapolis 17, Minnesota 


REFERENCES 


Anperson, W. A. D. Pathology. Third edition. 
C. V. Mosby Company, St. Louis, 1957, p. 476. 

ARNULF, G., and CHacornac, R Methodical 
coronary arteriography with acetylcholine; 
experimental and clinical findings. Lyon chir., 
1958, 54, 212-222. 

3. BraskgNuons, D. H., and Srery, D. Calcifica- 

tien of coronary arteries. Am. J. ROENTGENOL., 

Rap. THerapy & Nucrear MED., 1959, 87, 


= 


Ww 





77 7 

4. Di GvoLiELvo, L., and Gurrapavzo, M. Roent- 
genologic study of coronary arteries in living. 
Acta radiol., 952, Suppl. 97. 


1072 


5. 


IE 


Dı GucuieLmo, L., and Gurrapauro, M. Ana- 
tomic variations in coronary arteries; arterio- 
graphic study in living subjects, 4cta radiol., 
1954, 41, 393-416. 


6. Dı GuanigLMo, L. Arteriographic findings in 


coronary sclerosis. Acta radiol, 1959, 52 


369-378. 


. Hasse, E. J., and Wzronr, H. H. Roentgeno- 


graphic detection of coronary arteriosclerosis. 
Am. J. ROENTGENOL. & Rap. THERAPY, 1950, 
63, 50-62. 


. Joroens, J., BLANK, N., and Wircox, W. A. 


Cinefluorographic detection and recording of 
calcifications within heart; results of 803 ex- 
aminations. Radiology, 1960, 74, 550-554. 


. Lenn, R. Róntgendiagnose der Koronarsklerose 


in vivo. Fortschr. a. d. Geb. d. Róntgenstrahlen, 
1927, 35, 1265-1268. 


. Levy, R. L., Bruenn, H. G., and Kurrz, D. 


Facts on disease of coronary arteries, based on 
survey of clinical and pathologic records of 
762 cases. Am. J. M. Sc., 1934, 167, 376—390. 


. Loser, P. Study of pathogenesis of coronary 


sclerosis. Ph.D. thesis, U. 
Graduate School, April, 1952. 


of Minnesota 


. Potanco, M. Relation of coronary sclerosis to 


symptoms and its distribution in 242 fatal 


Arthur Lieber and Joseph Jorgens 


13. 


14. 
15. 


16. 


17. 


PPP UE Ye 
y 
| 

DECEMBER, 1961 


cases. dm. F. M. Sc., 1936, 192, 840-848. 

Reicu, N., and Wirren, M. Roentgenographic 
visualization of coronary arteries. Am. J. 
ROENTGENOL., Rap. THerapy & NUCLEAR 
MED., 1957, 77, 2774-280. 

RrrrERBAND, A. B. Personal communication. 

Sapur, O., Priest, W. S., HAMBunGER, W. W., 
and Karz L. Coronary arteriosclerosis, 
coronary thrombosis, and resulting myocardial 
changes. 4m. Heart T., 1935, 10, 567; 762. 

SNELLEN, H. A., and Naura, J. H. Zur Röntgen- 
diagnostik der Koronarverkalkungen. Fort- 
schr. a. d. Geb. d. Röntgenstrahlen, 1937, 56, 
277-286. 

Sosmanx, M. C. Technique for locating and 
identifying pericardial and intracardiac cal- 
cifications. Am. J. RorNrTGENOrL & Rap. 
THERAPY, 1943, 50, 461—468. 


. VAN DER STRAETEN, P. P. La coronarographie 


post mortem de l'homme ágé. Acta cardiol., 
1955, 70, 15-43. 


. Wark, L. How exact is roentgen diagnosis of 


heart valve calcifications? Aw. J. ROENT- 
GENOL. & Rap. THERAPY, 1946, 56, 500-Sol. 
Wosixa, P. H., and Sosman, M. C. Roentgen 
demonstration of calcified coronary arteries in 
living subjects. 7.4.M.1., 1934, 102, $91—593. 


Vou. 86, 4o. 6 


IDIOPATHIC MYOCARDIAL HYPERTROPHY 


By MARVIN E. 


HASKIN, M.D.,* IRVIN L KRICHEFF, 
and BERNARD P. WIDMANN, 


M.D.,* MARVIN A. SACKNER, M.D. t 
M.D.* 


PHILADELPHIA, PENNSYLVANIA 


DIOFATHIC myocardial hypertrophy 

refer. to cardiac enlargement of un- 
known etiology in relatively young adults. 
Usually. a severe grade of congestive failure 
is preseat; however, some cases mav pres- 
ent with only minimal signs of failure, while 
in othe s the course is dominated by the 
effects cf pulmonary and svstemic emboli- 
zation. By definition, the diagnosis ulti- 
matelv rests on the exclusion of known 
cardiac disorders, although it has been 
shown taat a presumptive diagnosis mav be 
suggested from the clinical picture.? It is 
the purpose of this paper to call attention to 
certain previously undescribed roentgeno- 
graphic features which are of great aid in 
the differential diagnosis of this disease. 


MATERIAL AND METHODS 


An aaalysis of 21 cases of idiopathic 
myocardial hypertrophy vielded 13 cases 
with satisfactory chest roentgenograms.? 
Four new cases were added to the group. 
Necropsy confirmation was obtained in 7 
cases. 

Most of the chest roentgenograms avail- 
able were posteroanterior teleroentgeno- 
grams. These were analyzed for cardiac 
size, specific chamber enlargement, aortic 
knob size, status of the pulmonary vascula- 
ture, and presence or absence of pulmonary 
infarcticn. These findings were then com- 
pared with the changes seen in patients 
with knewn heart disease of various causes. 


CLINICAL FINDINGS 


The patients ranged in age from twenty- 
eight to ifty-seven years with a mean age of 
forty ve.rs. Thirteen were males and 4 were 
females. Nearly all were Negro, but this is 
true of zhe general patient population at 
our inst2tution. 


The symptoms and signs of this group of 
patients are summarized in Table 1. The 
most common symptom, dvspnea, is related 
to congestive heart failure. It is not un- 
usual to obtain a history of carciac enlarge- 
ment discovered on routine examination 
several months to vears prior to the onset of 
svmptoms. Although mild antecedent up- 
per respiratory infections are frequently 
recalled, these patients do not usually have 
fever or active infection when cardiac 
manifestations develop. Attempts to iden- 
tify viral agents bv serologic or culture 
methods have been unsuccessfal. Alcohol- 
ism may be associated with edee, but 
the nutritional status is good and avitami- 
noses are absent.* About 30 per cent of the 
patients die within one year of the onset of 
symptoms from intractable congestive 
heart failure or systemic and pulmonary 
emboli. 

Physical examination may cemonstrate 


Tage I 


CLINICAL FINDINGS 





IN 17 P. 









Sy mptoms a ad d:Signs 





Dyspnea +6 94 
Rales y6 94 
Hepatomegaly 13 76 
Increased Jugular Venous Disten- 

tion 13 76 
Peripheral Edema 13 76 
Chest Pain 8 47 
Pleural Effusion 8 47 
Pulmonary Embolism 8 47 
Hemoptysis 7 41 
Alcoholism 5 29 
Antecedent Upper Respiratory 

Infections 5 29 
Systemic Emboli 5 29 
Ascites 4 24 
Digitalis Toxicity 4 24 
Myocardial Infarction 1 6 


* Department of Radiology, Philadelphia General Hospital. I. Kricheff: Present address, Radiology Department, Columbia Presby- 


terian Med ical Center, New York, New York. 


T Department of Medicine, Division of Cardiology, Philadelphia General Hospital. 
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the signs of congestive heart failure, e.g., 
rales, hepatomegaly, increased jugular ve- 
nous distention and peripheral edema, or 
may be completely negative except for 
cardiac enlargement. The point of maxi- 
mum impulse is usually diffuse and forceful; 
it is located outside the midclavicular line. 
The rhythm is generally a sinus tachy- 
cardia, but slows with digitalis therapy. 
Gallop rhythm is found in about 50 per cent 
of cases; organic murmurs are not heard. 

The electrocardiogram characteristically 
shows sinus rhythm and signs of left atrial 
and left ventricular enlargement. Cardiac 
catheterizations, ballistocardiograms, and 
pulmonary function tests are consistent 
with congestive heart failure.’ 


PATHOLOGIC FINDINGS 


All 7 autopsied cases showed pancardiac 
hypertrophy and dilatation. The weights of 
the hearts ranged from 500 to 960 gm. with 
a mean of 6oo gm. The pericardium was 
normal in all instances. The coronary 
arteries were widely patent and no occlu- 
sions could be identified. Only one case 
showed moderate atherosclerosis of the 
right coronary artery. The cardiac valves 
were normal except for functional dilata- 
tion of the rings. The endocardium was thin 
and smooth except in 4 cases where it 
underlay mural thrombi. These thrombi 
were located in the left ventricle in all cases, 
and, in addition, in the right ventricle in 
one case. The aortas were normal or showed 
minimal patchy atherosclerosis. Neither 
renal nor systemic vascular abnormalities 
suggested pre-existing hypertension. Em- 
boli or infarction were distributed as fol- 
lows: pulmonary, 4 cases; renal, 3 cases; 
splenic, 2 cases; and mesenteric, I case. 

Histologic sections of the hearts showed 
myocardial hypertrophy with nonspecific 
tissue changes. Interstitial fibrosis was 
focalin6 cases and primarily subendocardial 
in one case. Viral cultures of the heart were 
negative in the 2 cases in which they were 
performed. 

A full discussion of the pathologic anat- 


‘omy of idiopathic myocardial hypertrophy 
has been given by Elster and his associates.‘ 


ROENTGENOGRAPHIC FINDINGS 


A similar roentgenographic picture was 
found in over three-quarters of our cases. 
The findings are summarized in Table rr. 
Left ventricular enlargement predominates. 
The diastolic overload on the left ventricle 
results in dilatation and elongation of its 
outflow tract. Thus, there is displacement 
of the cardiac apex to the left and down- 
wards. 

The right ventricle is moderately dilated. 
This results in prominence of that portion 
of the left heart border just above the left 
ventricle. The relatively normal pulmonary 
artery segment and the counterclock- 
wise rotation of the heart, caused by the 
markedly enlarged left ventricle, combine 
to preserve the “cardiac waist" on the 
posteroanterior roentgenogram. In the pres- 
ence of pulmonary infarction with acute 
cor pulmonale, there is a further increase in 
the size of the right ventricle and pulmo- 
nary artery, and the cardiac waist is oblit- 
erated (see Fig. 1, 4 and B). 


Tase II 
ROENTGENOGRAPHIC FINDINGS IN 17 PATIENTS ` 








No. Per Cent 

Cardiomegaly 17 100 
Aorta 

Hypoplastic II 6 as 

Normal 2 12 

Enlarged 4 25 
Left Ventricular Hypertrophy 17 100 
Left Atrial Size 

Normal 9 53 

Minimal increase 6 35 

Moderate increase 2 12 
Right Ventricular Enlargement — 16 94 
Right Atrial Enlargement 2 I2 
Main Pulmonary Artery 

Normal II 65 

Increased size 6 35 
Pulmonary Vasculature In- 

crease 6 35 
Pulmonary Infarction 4 23 
Mesenteric Infarction I 6 
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The left atrium is slightly dilated. 
Thougk this was not appreciated on all 
posteroanterior roentgenograms, the left 
atrium was seen to be enlarged in all cases 
of which right anterior oblique roentgeno- 
grams with barium in the esophagus were 
obtained, and in all autopsied cases. The 
right atrium is also slightly dilated. The 
cardiac borders are sharply outlined (sten- 
ciled heart?) due to decreased pulsations of 
the weakened heart muscle. 

The aorta is of normal caliber and the 
aortic knob appears small relative to the 
enlarged heart. There is usually no aortic or 
valvular calcification.* The larger pulmo- 
nary arteries are normal; in one-third of the 
cases they were slightly prominent and 
were described as top normal. There is no 
roentgenographic evidence of pulmonary 
arterial or venous hypertension. The pul- 
monary veins are normal unless congestive 
failure or pulmonary infarction supervenes. 
Pulmonary infarcts were seen in 8 cases. 


* Two o: our cases showed calcification in the aortic knob. 
We believe this to be an incidental finding. 


Idiopathic Myocardial Hypertrophy 





l * 
lic. 1. (4) The typical picture of idiopathic myocardial hypertrophy is seen. There is biventricular en- 
largement and a small aortic knob. Note the preservation of the cardiac waist. (B) Same patient as 4. 


Pulmoaary infarction and acute cor pulmonale with considerable prominence of the pulmonary artery 
segmert and increased right ventricular enlargement. 


Angiocardiograms were performed on 3 
patients. There was marked dilatation of 
the heart, especially of the ventricles. There 
was pooling of contrast medium on both 
sides of the heart. This is similar to the 
pooling and delayed emptying seen in 
congestive failure. No organic abnormali- 
ties were demonstrated. 

The following 2 cases were selected to 
illustrate the characteristic findings of this 
disease. 


REPORT OF CASES 


Case 1. This thirty-nine year old Negro fe- 
male was admitted to Philadelphia General 
Hospital in March, 1958 with a fifteen month 
history of gradually progressing congestive 
failure, not refractory to therapy. Seven weeks 
prior to admission she had a transient episode of 
right hemiparesis and loss of speech lasting two 
hours. 

Physical examination on admission revealed 
a well nourished female in moderate respiratory 
distress. The blood pressure was 110/88, respi- 
rations 24, pulse roo and temperature 100.4? F. 
The neck veins were markedly distended even 





Fic. 2. Case 1. There is biventricular enlargement, 
fullness of the pulmonary artery segment, and a 
small aortic knob. 


at 90°; a hepatojugular reflux was present. The 
lungs were clear to percussion and auscultation. 
The apex beat was at the fifth interspace in the 
left midaxillary line. There was a grade 3, blow- 
ing systolic murmur heard to the left of the 
sternum in the fourth and fifth interspace which 
became accentuated with inspiration. There was 
questionable shifting dullness in the abdomen. 
A smooth liver edge was palpable 5 cm. below 
the costal margin. There was 2 plus to 3 plus 
pitting edema of the legs. No clubbing was 
noted. Neurologic examination was within 
normal limits. 

Extensive laboratory examinations including 
urinalysis, complete blood cell count, urea 
nitrogen, serum proteins, serology, antistrepto- 
lysin titer, antihyaluronidase titer, gastric 
washings for acid fast bacilli, sedimentation 
rate, gum biopsy, L.E. preparations were essen- 
tially negative. All serologic tests for viruses 
were negative except for the Coxsackie neutrali- 
zation test which showed titers of 1:8, 1:16 and 
1:64 on successive weeks. Electrocardiograms 
showed atrial disease and biventricular hyper- 
trophy. Roentgenograms of the chest showed a 
large globular heart (Fig. 2) and the typical 
findings of a small aortic knob with normal pul- 
monary vasculature. The venous pressure was 
165 mm. H:O; the circulation time (decholin), 
47 seconds. Cardiac catheterization was per- 
formed and the findings were consistent with 
congestive heart failure which persisted despite 
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vigorous therapy and she died on the twenty- 
sixth hospital day. 

The clinical diagnosis was idiopathic myo- 
cardial hypertrophy, Coxsackie myocarditis or 
rheumatic carditis. 

Necropsy. The pleural, pericardial and peri- 
toneal cavities were free of abnormal collections 
of fluid. The heart weighed 500 gm. and was 
globular in shape. The myocardium was firm, 
brownish and homogeneous throughout. The 
papillary muscles were flattened. The endo- 
cardium was smooth and transparent, except 
for an area underlving a mural thrombus in the 
anterior wall of the left ventricle. This throm- 
bus measured 3X5 cm. and extended from the 
heart to near the lower margin of the aortic 
valve. All four cardiac chambers, most notably 
the left ventricle, were markedly dilated. The 
valves were thin, delicate and normal in num- 
ber. The tricuspid orifice admitted three and 
one-half fingers. The coronary ostia were pat- 
ent; the coronary vessels were normally dis- 
tributed, thin-walled and patent throughout. 
The aorta and its main branches were lined by a 
smooth intima. The right lung weighed 350 gm., 
the left 280 gm. The liver weighed 1,410 gm. 
and was congested. The kidneys showed only 
old infarcts. No other significant abnormalities 
were present. 

Histologic examination of the heart muscle 
showed myocardial hypertrophy and focal 
interstitial fibrosis. The coronary arteries were 
normal. The lungs showed passive congestion 
and pulmonary atherosclerosis. Except for 
several old infarcts, histologic sections of the 
kidneys were normal. The other organs were 
unremarkable. 

Viral cultures of the heart were negative. 


Comment. The rising titer in the Cox- 
sackie neutralization test suggested current 
virus infection. However, the patient's 
symptoms and cardiac enlargement started 
long before these' tests were performed. 
Apparently, the Coxsackie infection was 
merely an incidental finding in this case. 
This was borne out by the negative cul- 
tures for viruses from the heart muscle and 
the absence of inflammatory changes. 


Case 1r. This thirty year old husky Negro 
laborer was admitted to Philadelphia General 
Hospital for the first time in September, 1958 
because of extreme dyspnea. He stated that he 
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was in good health until July, 1958 when he 
noted gradual progressive dyspnea which was 
incapacitating by September, 1958. He denied 
prior scre throat, rheumatic fever, hyperrension 
or fever. 

Phys cal examination revealed a well nour- 
ished male in acute and chronic resp:ratory 
distress) The blood pressure was 110/80, the 
pulse 120, respirations 32 and temperature 
98.6? F. The fundi were normal. The lungs were 
clear te percussion and auscultation. The left 
border of the heart was percussed 12 cm. from 
the micsternal line. The rhythm was rapid and 
regular. No murmurs were heard, but a presys- 
tolic gallop and a paradoxical splitting of the 
second sound were present. The abdomen was 
distended and there was questionable shifting 
dullnes.. A firm round tender liver edge was 
palpated 5 cm. below the costal cage. The 
neurolegic examination was within normal 
limits. 

The complete blood cell count, blood sugar 
and ur-a nitrogen and serology were normal. 
The electrocardiogram showed a persistent left 
bundle branch block, first degree heart block 
and atmal abnormality. Chest roentgenograms 
showed right and left chamber enlargement 
(Fig. 2). Fluoroscopy revealed poor cardiac 
pulsatiens. The venous pressure was 130 mm. 
H:O ard increased to 170 mm. H:O on hepatic 
pressure. The circulation time (decholin) was 
forty-two seconds. 

The patient signed out against advice one 
week later and was readmitted to the Medical 
Service on October 3, 1958; the physical findings 
were es entially unchanged. Further laboratory 
studies included normal liver function tests, 
protein bound iodine, serum electrolytes and 
negative L.E. preparations. The patient was 
given d gitalis and diuretics, but still continued 
to be in respiratory distress. For this reason, 
extensive pulmonary function tests were carried 
out ane showed the findings associated with 
cardiac decompensation. 

The patient gradually improved with bed 
rest, but remained dyspneic, with a persistent 
tachycardia and gallop rhythm. He was dis- 
chargec after six weeks, but a week later had an 
exacerbation of his symptoms and was admitted 
to anocher institution following a bout of 
hemoptysis. His condition continued to deteri- 
orate and he died in shock on November 1§, 1958. 

The clinical diagnosis was idiopathic myo- 
cardial hypertrophy. 
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Case 11. The heart shows the same configu- 


Fic. 3. 
ration as in Case 1; however, the aortic knob is 
normal rather than small. 


Necropsy. Permission was granted to examine 
the heart only. The heart weighed 6go gm. and 
was greatly dilated. The pericardium and epi- 
cardium were normal. The myocardium was 
firm, reddish brown and homogeneous through- 
out. Histologic section showed hypertrophy and 
focal interstitial fibrosis. The endocardium was 
smooth and transparent. No mural thrombi 
were present. The valves were normal. The 
coronary arteries were normal in distribution. 
The walls of these vessels were smooth and 
showed no occlusions. 


The roentgenograms of 3 additional 
cases with typical findings are shown in 
Figure 4, 7-7, and of 4 other cases with 
nondiagnostic findings in Figure 5, 4—D. 


ROENTGENOGRAPHIC DIFFERENTIAL 
DIAGNOSIS 


Pericardial effusion is the most difficult 
and important differential diagnosis that 
must be made.??!? There have been several 
cases reported wherein pericardiocenteses 
were attempted on patients with idiopathic 
myocardial hypertrophy. Diffuse enlarge- 
ment of the cardiac shadow with no venous 
congestion, sharply outlined heart borders, 
and decreased to absent cardiac pulsations 
fluoroscopically are common to both idio- 
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Fic. 4. (4-D) These cases show the fairly typical cardiac silhouette seen on the posteroanterior chest roent- 
genogram. Note the biventricular enlargement with left ventricular predominance. The heart outline is 
very sharp. Despite the fullness of the pulmonary artery segment, the cardiac waist is still somewhat 
preserved. The aortic knob is small. The pulmonary vasculature is normal. C shows one of the 2 cases 
with calcification in the aortic knob, 


pathic myocardial hypertrophy and peri- 
cardial effusion. In pericardial effusion the 
cardiac waist may be quite broad and there 
is frequently a loss of the angle made by the 
shadow of the descending aorta crossing 
behind the left heart border (Fig. 6). In 


moderate sized effusions, the normally 
acute right cardiodiaphragmatic angle be- 
comes obtuse. As the effusion increases, 
the pericardium bulges laterally beyond its 
diaphragmatic attachment and the angle 
again becomes acute. In cardiac dilatation 
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Fic. 4. (E-¥) Additional cases showing similar changes. 


the argle becomes progressively more 
acute, as it does in large effusions, but it 
never becomes obtuse. In tuberculous 
pericardial effusion and myxedema peri- 
cardial effusion, the fluid frequently does 
not ex: end up to the base of the heart. 
This may be due to tuberculous adhesions 
and the viscid character of myxedema 
effusiors. In any effusion where the base of 
the heart is not involved, it may be impos- 
sible todifferentiate cardiac dilatation from 
pericardial effusion on the plain roentgeno- 
grams er by fluoroscopic examination (Fig. 
7). Where differentiation may be in doubt, 
angiocerdiography is diagnostic. The visu- 
alizaticn of a widened pericardial-myocardial 
shadow between the contrast medium in 
the right atrium and the outer cardiac 
border is essentially diagnostic of peri- 
cardial effusion. 

In pericarditis without effusion the heart 


is usually small. Pericardial calcification is 
common in tuberculous pericarditis. Car- 
diac catheterization reveals a characteristic 
pressure curve. 

Hypertensive cardiovascular disease is 
probably the most common cause of an 
enlarged cardiac silhouette in this age 
group.? The diagnosis is usually obvious 
clinically. However, the “burnedout”’ hyper- 
tensive may be clinically indistinguishable 
from the patient with idiopathic myocar- 
dial hypertrophy unless some residual 
fundoscopic changes are preser t. Definitive 
diagnosis is important from the prognostic 
point of view. The small or relatively small 
aortic knob of idiopathic myocardial hyper- 
trophy is in marked contrast to the promi- 
nent aortic knob seen in hypertensives. In 
hypertension the left ventricle is the only 
chamber to enlarge initially. The right 
ventricle and left atrium enlarge quite 
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D 


Fic. 5. These are cases with atypical nondiagnostic roentgenographic findings. (4) The aortic knob is 
enlarged in proportion to the left ventricle. (B) The right ventricle is larger than usually seen; however, 
the aortic knob is small. (C) This is one of the cases which showed arteriosclerotic changes. Note the aortic 
calcification. (D) The right ventricle is usually prominent. The aortic knob is normal. 


late in the course of the disease (Fig. 8). 
Fluoroscopically the hypertensive heart 
will exhibit normal or increased pulsations 
until late when the dilated and weakened 
heart shows decreased pulsation. 

Myocarditis may give a roentgen picture 
indistinguishable from idiopathic myo- 
cardial hypertrophy. However, these pa- 
tients are febrile and toxic. Electrocardio- 
graphic changes may help separate these 
entities.? 


Collagen vascular diseases may cause 
enlargement of the cardiac silhouette. 
Lupus erythematosus does so by peri- 
cardial effusion, and the cardiac findings are 
no different from those of other effusions. 
Scleroderma is the only other significant 
differential diagnosis in this group. The 
heart is commonly enlarged. Pulsations 
may be diminished due to collagenous 
involvement of the myocardium. The 
pulmonary artery segment is prominent in 
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patiens with extensive pulmonary fibrosis 
or bronchiectasis.? There is usually involve- 
ment of many organ systems. The wide- 
spread stigmata of scleroderma are in such 
contrast to the local heart disease of idio- 
pathic myocardial hypertrophy that the 
differential diagnosis is only rarely a prob- 
lem. 

Carciac amyloidosis may also present 
with repeated bouts of congestive failure, 
frequently of an intractable nature. It 
usually recurs at an older age group (fifty— 
sixty years). These hearts are rarely as large 
as the hearts of idiopathic myocardial 
hypertrophy.? Atrial arrythmias are fre- 
quent. Gum biopsies and serum protein 
analysis may help in the differentiation. 

DISCUSSION 

Idiopathic myocardial hypertrophy is an 
eventually fatal disease of unknown etiology 
occurring in young adults. It is far more 
common than the few reports in the litera- 
ture indicate. Discussions with colleagues 
at other institutions reveal that this entity 
is being recognized with increasing fre- 
quency 





Fic. 6. Pericardial effusion. The cardiac shadow is 
enlarged and sharply outlined. The enlargement 
is diff ise. Note how the pericardial fluid has 
obliterated the normally sharp angle made by the 
shadow of the descending aorta crossing the left 
heart border. The right cardiophrenic angle is less 
acute than one would expect in cardiac dilatation. 


Idiopathic Myocardial Hypertrophy 





Fic. 7. Tuberculous pericardial effusion. The base 
of the heart is frequently spared due to pericardial 
adhesions preventing the movement of fluid. The 
cardiac configuration is identical with that seen 
in idiopathic myocardial hypertrophy. 





Fic. 8. Hypertensive cardiovascular disease. The left 
ventricle is enlarged selectively. The aortic knob 
is prominent and is in proportion to the enlarged 
left ventricle. 
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The roentgenographic picture is that of a 
sharply outlined heart with diffuse ven- 
tricular dilatation (left ventricular enlarge- 
ment predominating), mild left atrial 
enlargement, occasional right atrial en- 
largement, a small aorta and somewhat 
prominent major pulmonary arteries. The 
frequency of pulmonary and systemic 
embolization is such that the combination 
of a cardiac silhouette as described above 
and pulmonary or mesenteric infarction 
occurring in a relatively young adult should 
make one strongly suspect idiopathic myo- 
: cardial hypertrophy. 

When pericardial effusion is a prime 
consideration, angiocardiography can be 
diagnostic. 


SUMMARY 


The clinical, pathologic and roentgeno- 
graphic findings of idiopathic myocardial 
hypertrophy are presented with emphasis 
on the roentgenographic aspects. T'wo 
typical cases are included. 


Bernard P. Widmann, M.D. 
Radiology Department 
Philadelphia General Hospital 
Philadelphia 4, Pennsylvania 
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STAPHYLOCOCCAL PNEUMONIA IN ADULTS* 
A REVIEW OF 102 CASES 


By ROBERT M. WIITA, M.D., ROBERT R. CARTWRIGHT, M.D., and JAMES G. 


DAVIS, M.D. 


LOS ANGELES, CALIFORNIA 


ECAUSE of the paucity and variance of 

reperted cases (a total of 88 cases in 
fourof the largest seriesin theliterature)*^*.* 
of a serious disease of rapidly increasing 
frequency, the cases of staphylococcal 
pneumonia in adults seen at Wadsworth 
Veterans Administration Hospital dur.ng a 
seven wear period (1943-1959) were re- 
viewed. Table 1 compares our findings with 
those in four other adult series and ir one 
large series composed of children. The 102 


TABLE 


cases reported here represent approxi- 
mately half of the total cases acmitted; the 
remainder could not be reported because of 
the loss or transfer of charts anc roentgeno- 
grams. 


MATERIAL 


All patients were male, ranging from 
eighteen to eighty-two years of age (79 per 
cent were fifty-five years or olcer). Hemo- 
lytic coagulase positive staphylococci were 
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MORTALITY AND CALCULATIONS OF STAPHYLOCOCCAL PNEUMONIA 











In Adults 
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| Bren- 
| Mortal. | Lung |Empye- Pneuma-| E fusion Pneumo- chopleu-| Atelec- 
Aalha No. of |o dty Abscess! ma tocele thorax | rel tasis 
Cases | | fistula 
(per (per (per (per (per (per (per (per) 
cent) cen-) cent) cent) cent) cent) | cent) cent) 
Present Series 8 1 | 37.2 o o 21.6 


Ede et al" 





(1956-1958) 
Fisher e£ aZ? 21 
(1942-1957) 
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Gold and 13 
Davis’ (1957195 8) 





Hausmana | 18 
* | (952-1954) 















































Rebhan aad | 32 |o | M | | NA 41 | 3.2 | 
Edwards | (1950-1958) | | | | | 
Es (Pr resent on admission) | (7) (NA) (6.2) | (55) | (21) 60) (15. 








* 10 cáses came to postmortems; 9 had lung abscess. 
T Reported as pyopneumothorax. 
NA-—Figures not available. 





* From Wadsworth Hospital, Department of Radiology, Veterans Administration Center and the Department o? Radiology, Uni- 
versity of California at Los Angeles, Medical Center, Los Angeles, California. 
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cultured in all patients from the following 
sources: sputum, go per cent; blood, 23.5 
per cent; pleural effusion, 6.8 per cent; 
brenchi, 6. 8 per cent; lung abscess, 4. .9 per 
cent. Cases of both primary pneumonia (83 
cases) and secondary pneumonia (15 cases), 
i.., those with previous or coexisting 
staphylococcal infection elsewhere in the 
body, were included in the series, with 4 
classified as uncertain as to tvpe. The 
marginal punch card svstem of recording 
data was used. 


INCIDENCE 

Prior to 19:0 verv few cases of adult 
staphylococcal pneumonia  unassociated 
with an influenza epidemic were reported. 
In more recent literature, cases of staphy- 
lococcal pneumonia in infants are legion; 
however, the authors reporting on adult 
staphylococcal pneumonia infer that this is 
a relatively rare disease. In recent vears 
there has been a rapidly increasing inci- 
dence. In our series, 52 per cent of the cases 
occurred in 1959. 


PREDISPOSING FACTORS 


Gresham and Gleeson-White?? feel that 
alveolar edema may be the common de- 
nominator in a host of conditions that 
predispose a person to staphylococcal 
pneumonia: chronic lung or heart disease, 
coma, influenza, suppression of the cough 
reflex postoperativelv, and old age and 
debilitation. Others agree that staphylococ- 
cal pneumonia is a major problem in pa- 
tients with a pre-existing complicating 
disease, and that when it does occur in 
these patients it is more likely to be fatal. 
This seems to be true, indeed, as 88 per cent 
of our cases had complicating diseases and 
the mortality rate was 65.5 per cent, 
whereas in uncomplicated cases the mor- 
tality rate was 25 per cent. Of those with 
complicating disease, 64.5 per cent had 
chronic lung or cardiovascular disease and 
22 per cent had malignancies. Other com- 
plications of lesser frequency were: cir- 
rhosis, diabetes, coma, uremia from chronic 
renal disease, blood dyscrasias, and general 
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debility. Only those cases with a significant 
titer were considered to have had influenza; 
of these there were 2. The Staphylococcus as 
an opportunist invader now has the role 
previously plaved by the pneumococci in 
terminal infection. 

Similarly, those patients who have re- 
cently received antibiotics or steroids prior 
to the development of pneumonia, as well 
as those patients who develop staphylococ- 
cal pneumonia while in the hospital (7.e., 
acquire a hospital organism), are generally 
agreed to be more prone to develop a more 
serious and fatal form of the disease. The 
mortality rate was 72.5 per cent in 2g 
patients who had recent prior treatment 
with antibiotics, and 83 per cent in 6 pa- 
tients who developed staphylococcal pneu- 
monia while on steroids. The majority of 
our cases (55 per cent) developed pneu- 
monia in the hospital. The mortality rate in 
this group was 71.5 per cent as compared to 
$3.5 per cent in that group which presented 
with pneumonia on admission. When 
pneumonia develops in a hospitalized 
patient who is on steroids or antibiotics, it 
should be considered staphvlococcal until 
proved otherwise. 


CLINICAL FEATURES 


The clinical pattern of staphylococcal 
diseases 1s apparently changing in all age 
groups, although staphylococcal pneu- 
monia is a more protean disease in adults 
than in children, who still present a rather 
characteristic picture. Gresham? reports 
one extreme when he describes a different 
clinical and pathologic picture which is 
being seen in adult patients: sudden onset, 
rapid deterioration, a short course, and 
hemorrhagic consolidation, or a course 
similar to the classic description by Chick- 
ering and Park? of patients developing 
staphylococcal pneumonia as a complica- 
tion of influenza. On the other hand, others 
describe a disease of insidious onset, pro- 
longed course, and a high incidence of 
complications. Figures 1 and 2 show the 
type of onset, duration, and mortality for 
the present series. Although no striking 
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characteristic clinical pattern was noted in 
reviewing our cases, the fulminating form of 
pneumonia was more frequent in the last 
two years of the study as compared to the 
earlier years. 

The radiologist should be aware of the 
variable nature of this disease regarding the 
roentger findings; they may be present 
prior to clinical onset or may be completely 
lacking or minimal, appearing several days 
later in a severely ill patient. He should be 
especially conscious of the fulminating type 
of this disease in which the clinical history 
of sudden onset and rapid deterioration 
may lead to the false diagnosis of pulmo- 
nary embolism, particularly in the post- 
operative patient, who not infrequently 
develops this complication.!! (Sixteen cases 
in this series developed staphylococcal 
pneumonia within a fifteen day postopera- 
tive period.) 


ROENTGEN FINDINGS 


Roentgen examination quite frequently 
suggests the diagnosis of staphylococcal 
pneumonia in children because of the ex- 
tensive and characteristic findings, particu- 
larly preumatoceles and pneumothorax, 
present on admission. (See Table 1 for 


NO. of CASES 





INSIDIOUS 


MODE RATE SUDDEN 


Wü - % MORTALITY 


Fie, 1. Type of onset and mortality. 
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40. 


35 


NO. of CASES 
m 
o 


a 





over 30 


DAYS 1-7 


8-14 15 -2l 22-30 


NH - X MORTALITY 


Fic. 2. Duration and mortality. 


Rebhan and Edwards findings m children.) 
Adults, on the other hand, usually present 
with a monspecific pneumonic infiltration 
which, in the majority of cases, becomes a 
bronchopneumonia indistinguishable from 
any other type of bronchopneumonia, 
except for the rapidly changing roentgen 
findings (Fig. 3, Z and B) and the develop- 
ment of pleural effusion, which occurs much 
more commonly (37.2 per cent) than in 
streptoceccal or pneumococcal pneumonia. 
In this present series, 98 per cent of the 
cases had bronchopneumonic infiltrates 
which were usually bilateral (68.5 per cent) 
(Fig. 4) and rarely segmental (4 per cent) in 
distribution. Regarding the amount of lung 
tissue involved, 59.5 per cent had diffuse 
involvement. 

Frequent roentgen studies are necessary 
in following this disease because of the 
rapid change with new areas of involvement 
(Fig. 3, .7 and B). This was seen in 54 per 
cent of our cases at some time during the 
course. 

The patient should not be discharged 
until his chest roentgenogram is completely 
clear. Six patients in this series who were 
clinically well were discharged before the 
chest roentgenogram showed complete 
resolution; all were readmitted with exacer- 
bation of pneumonia within one to four 
weeks. 

The development of pneumatoceles and 
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Fic. 


3. Rapidly changing roentgen findings. (47) March 4, 1957: left upper lobe involvement; (B) March 6, 


un moderate clearing on the left with the development of right upper lobe involvement within two 


days. 


pneumothorax, so characteristic of staphy- 
lococcal pneumonia in infants, 1s rare in- 
deed in adults. Only 1 case had pneuma- 





Fic. 4. Typical roentgen findings. October 12, 1957: 
bilateral bronchopneumonia with multiple sites of 
involvement. 


tocele formation and there were no cases of 
pneumothorax. Because of the lack of 
distinctive features, except those mentioned 
above, the radiologist’s most important 
function is the early recognition of compli- 
cations most common in adults—lung 
abscess and empyema—and following their 
course. 
LUNG ABSCESS 

The ability of the Staphylococcus to 
create lung abscesses is primarily due to its 
exotoxins, which apparently have a dual 
action: (1) production of vasculitis and 
paralytic dilatation of capillaries and ven- 
ules, and (2) a direct necrotizing effect on 
lung parenchyma.'? 

Meyers and Jacobson? state that "true 
lung abscesses occur more frequently 
adults than in children." A comparison of 
this present series with that of Rebhan’s 
and Edwards? indicates only a slightly 
higher incidence (3.5 per cent) in adults. 

Ede et al.’ report that “infiltrates which 
persist will usually demonstrate cavity 
formation within ninety-six hours." Rapid 


er 
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Vic. 5. Rapid development of cavitation. (4) October 23, 1959: left lung clear; 
(B) October 26, 1959: multiple cavitations developing in three days. 


cavity formation (Fig. 2,77 and B) occurred 
in approximately one third of our 25 cases 
of lung abscess (Fig. 6). However, this 
complicetion also appeared in some pa- 
tients af er they had had pneumonia roent- 
genographically demonstrated for over a 
month (ig. 7, 4—D). Figure 8 indicates the 
roentgenologic duration of cavities once 
they appeared, usually at least four to six 
weeks in those patients surviving. 

Brock states that the posterior segment 
of the rzht upper lobe is the area most 
frequent y involved in staphylococcal lung 
abscesses. Our random distribution did not 
bear this out. In cases of secondary pneu- 
monia, 7.2., vascular embolism, there seems 
to be a predilection for the lower lobes, 
possibly due to the straighter course of the 
blood ve:sels. In addition, in cases of both 
primary and secondary pneumonia, multi- 
ple cavities were the rule. Bronchogenic 
spread urdoubtedly accounts for the multi- 
plicity. The same patient may have all 
phases ot development and healing going on 
at the same time. 

The characteristic "soap bubble" ap- 
pearance of staphylococcal cavities de- 
scribed ky Brock! was not encountered in 
our serie. By far the greatest number of 








our cases (72 per cent) had thick and some- 
times shaggy cavity walls. 

Not only morbidity but also mortality 
(71 per cent) was higher in patients devel- 
oping this complication. Indeed, the pa- 
tient’s life is in jeopardy until the lung 
abscess is roentgenologically demonstrated 
as being completely healed. 


EMPYEMA 


Empyema, the second most common 
complication (7.8 per cent) in our series, 


DAYS 


HIS 





WEN LUNG As8SCESSES 
CI EMPYEMA 





21-25 





me Ep T T "peer LEES 
i 2 3 4 5 6 7 8 9 
NO. OF CASES 


Fic. 6. Length of time between the onset of pneu- 
monia and the development of complications. 
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Fic. 7. Late development of cavitation, 
ruary II, 1959: rapid consolidation; (C) March 23, 
cavitation after five weeks. 


may develop by rupture of a lung abscess, 
direct extension from the lung via the 
lymphatics, septic embolization, or con- 
tamination during thoracentesis for pleural 
effusion. Instances of all except the first 
(rupture of an abscess) were seen in our 
cases. 

Figure 6 indicates the length of time 
between the onset of pneumonia and the 
development of empyema; Figure 8 indi- 
cates the roentgenologic duration; and 
Figure 9, 4 and B shows the characteristic 


(4) February 


8, 1959: minimal findings on the right; (B) Feb- 


1959: persisting infiltration; (D) April 14, 1959: late 


roentgen findings. Although the length of 
hospitalization and the morbidity are ap- 
palling, this appears to be in adults a less 
serious complication than lung abscess with 
regard to mortality (25 per cent). In chil- 
dren, on the other hand, empyema is much 
more serious, with a mortality rate of 50 to 
70 per cent. 

All of our cases of empyema were treated 
by surgical drainage. Before effective drain- 
age can be instituted, exact roentgen local- 
ization is necessary. This can be done in 
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most instances by plain roentgenography 
though, in low lying empyemas intimately 
associated with the diaphragm, injection of 
the empyema with contrast material prior 
to surgical drainage is important in order to 
avoid inadvertent puncture of the dia- 
phragm with resultant subphrenic abscess. 

In those cases where plain roentgenog- 
raphy £ sufficient for localization, once 
drainage is established, the volume, extent 
and shape of the affected area can be deter- 
mined by injecting aqueous dionosil or 
other suitable contrast media (Fig. 10, 4 
and B). The volumetric studies thereafter 
can be performed with sterile saline solu- 
tion, but the initial examination must be 
done usmg a contrast medium and with the 
patient examined in the erect and decubitus 
positions to rule out a bronchopleural 
fistula (Fig. ro C) which, if present, would 
cause the lung to be flooded if saline solu- 
tion were injected blindly.? Roentgen 
studies with contrast material are repeated 
as necessary during the follow-up for two 
reasons: to rule out the possibility of the 
development of (1) a bronchopleural fistula, 
since the empyema will not heal as long as 
air is supplied to the space, thereby pre- 
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' 2 3 4 s "0 20 
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Fic. 8. Roentgenologic duration of complications 


venting lung expansion, and (2) a blocked 
off area which, of course, would not drain 
because of lack of communication. 

The early roentgen diagnosis of compli- 
cating empyema will result in “aster heal- 
ing, since surgical drainage can be insti- 
tuted before pleural thickening occurs and 
while the lung can still expand easily. 


SUMMARY 
A series of 102 cases of staphylococcal 
pneumonia in adults is reviewed and com- 





Fic, 9. A ease of empyema which developed within one week after the onset of pneumonia and persisted 
for twelve weeks. (4 and B) December 26, 1957: roentgenograms made midway in the course of the ill- 
ness show the characteristic roentgen findings. 
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Fic. 10. Empyema cavity localized with con- 
trast medium. (4 and B) By the injection of 
positive contrast material through the 
drainage tubes, the extent and volume of the 
cavity are established. (C) Bronchopleural 
fistula demonstrated on the decubitus roent- 
genogram in the same case as 4 and B. 





Vor. 86, No. 6 


pared with four other series in adults and 
one large series in children. The increased 
incidence, protean nature, and clinical pat- 
tern o: this disease are described. Because 
of the relatively nonspecific early roentgen 
findings, the radiologist's role in the early 
recogn:tion, localization, and follow-up of 
complications cannot be too highly stressed. 
Robert M, Wita, M.D. 

Radiology Service 

Wadswerth Hospital 


Veteran: Administration Center 
Los Angeles 25, California 
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SPONTANEOUS PNEUMOTHORAX AS A COMPLI- 
CATION OF PULMONARY METASTASES IN 
MALIGNANT TUMORS OF CHILDHOOD* 


By GIULIO J. D'ANGIO, M.D., and GUIDO IANNACCONE, M.D. 
BOSTON, MASSACHUSETTS 


ANY malignant neoplasms of child- 
hood metastasize to the lungs, a vari- 
ety of secondary effects resulting from 
their presence. Such manifestations as 
bloody pleural effusion and compression 
atelectasis are common, but the develop- 
ment of spontaneous pneumothorax is not 
often encountered. De Barrin* was the first 
to report the occurrence of spontaneous 
pneumothorax in a patient with metastatic 
tumor in the lungs. Including the case re- 
ported by him, there have been 29 instances 
of this complication recorded in the liter- 
ature.~*10—-17 "Thirteen additional such pa- 
tients have been seen at The Children’s 
Hospital and the Children’s Cancer Re- 
search Foundation (Table 1). 
The primary tumors implicated in the 
cases heretofore reported were: osteogenic 


sarcoma, 9 patients; Ewing’s tumor, 5 pa- 
tients; “carcinoma” (type not specified), 3 
patients; leiomyosarcoma, adenocarcinoma, 
and fibrosarcoma, 2 patients each; renal 
cell carcinoma, adrenal carcinoma, angio- 
sarcoma, rhabdomyosarcoma, Wilms’ tumor 
(adult type), and carcinoma “à cellules 
acidophiles," 1 patient each. Of these 29 
patients, 7 of the 8 who were sixteen years 
of age or younger on whom sufficient infor- 
mation was supplied were found to have 
primary tumors in bone (Table 11). The 
experience at this institution has been 
similar. Nine of the 13 patients with spon- 
taneous pneumothorax had malignant neo- 
plasms of bone. 

In order to investigate this apparent 
association further, the records of the X- 
ray Therapy section were reviewed. The 


Tase I 


CHILDREN WITH SPONTANEOUS PNEUMOTHORAX COMPLICATING PULMONARY METASTASES 




















Case Sex j 'Type of Tumor Ni 
o (yr.) Primary Tumor Pneumothorax 

I R.B. M 16 Osteogenic sarcoma Left femur Right 

2 B.H. F i4 Osteogenic sarcoma Left femur Bilateral 
3 J.P. M 13 Osteogenic sarcoma Left tibia Bilateral 
4 M.E. F 13 Osteogenic sarcoma Right tibia Left 

5 R.M. M 1I Osteogenic sarcoma Right femur Right 

6 B.S. M 10 Osteogenic sarcoma Right humerus Left 

5 L.F. F 9 Osteogenic sarcoma Left ilium Bilateral 
8 S.B. F 10 Ewing’s tumor Left fibula Right 

9 M.O. F 9 Ewing’s tumor Left humerus Right 
10 M.N F 6 Wilms’ tumor Left kidney Left 
il T.S M 5 Wilms' tumor Left kidney Right 
12 M.DeM F Wilms’ tumor Left kidney Left 

13 M.C, F iI Hemangioendotheliosarcoma Right 





| 
| 
| 
i 
| 
i 
| 


Left thigh 





* From the Department of Radiology and The Children’s Cancer Research Foundation, The Children’s Hospital Medical Center; 
and the Department of Radiology, Harvard Medical School, Boston, Massachusetts. 

This investigation was supported in parts by a research grant from the National Institutes of Health, USPHS 7CY 3355. 

f Formerly, Fulbright Research Fellow in Radiology, Harvard Medical School and Fellow in Radiology, Children's Hospital Medi- 
cal Center. Now at the Istituto di Radiologia dell’Universita-Policlinico, Rome, Italy. 
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Spontaneous Pneumothorax 
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Tase H 


CRILDREN WITH SPONTANEOUS PNEUMOTHORAX COMPLICATING PULMONARY METASTASES 











S FROM THE LITERATURE 














left shoulder 


, NF c o, Site of i Site of 
Authors | | Type of Tumor | Primary Tumor | Pneumothorax 
De Barzn! (1937) M | 15 | Fibroblastic sarcoma | Left pubic bone | Left 
Christmann eż al? (1950) M | 1 | Ewing’s tumor | Leftcalcaneus | Right 
Leigh amd Thompson? (19:1) M |n | Osteogenic sarcoma | Right tibia | Right 
Sherman and Brant? (1954) | | | | 
Case M | 9g | Ewing's tumor | Sacrum | Bilateral 
Case * M | 16 | Ewing's tumor | Sacrum |. Left 
Case ; F | 9 | Osteosarcoma | Left tibia | Right 
Engle! (1958) F 4 15 | Osteogenic sarcoma | Femur | Bilateral 
"Torricel: and Canossib (1958) |] F | 11 | "Ewing's tumor” | Soft tissues of | Left 
Eu | | 


ten year period 1948-1957 was selected for 
detalled study. During this interval, 381 
patients less than seventeen years of age 
with malignant neoplasms received roent- 
gen treatment. Some patients with cancer 
seen at this hospital are not included in the 
total smce roentgen therapy was not re- 
quired during the course of their illness. 
Also not represented are those children with 
Iymphesarcoma in whom acute leukemia 
became manifest. An additional 121 pa- 
tients t59 boys and 62 girls) had central 
nervous system tumors. This group has not 
been aralyzed further since no pulmonary 
metastases developed in any patient. 

The roentgenographic findings of each 
child were reviewed with special attention 
to the demonstration of pulmonary metas- 
tases ard an associated spontaneous pneu- 
mothorax. No pneumothorax was con- 
sidered to be spontaneous 1f preceded bv a 
thoracentesis on the same side. The results 
of this analysis, according to diagnosis, are 
given ia Table mı. When referring to the 
table, ic should be noted that absence of 
pulmonary metastases does not necessarily 
imply eventual survival of the patient. In 
fact, some of the children in this category 
died frem the effects of local or dissemi- 
nated disease. 

A total of 7 cases of spontaneous pneu- 
mothor:x associated with pulmonary metas- 
tases was encountered in the period under 





study. This represents 2 per ceat of the en- 
tire group of 381 children, or € per cent of 
the 125 who developed metastases. Five of 
these 7 patients had primary bone tumors. 
Osseous neoplasms account for only 13 per 
cent of the 381 children and 2t per cent of 
the patients with pulmonary metastases. 
This ccmpares with but one child with 
pneumothorax among the pztients with 
Wilms’ tumor, which neoplasm comprises 
24 per cent of the total and 3: per cent of 
those with lung deposits. Children with 
diagnoses other than those alreadv listed 
made up 63 per cent of the total and 37 per 
cent of those with metastases. Only one in- 
stance of spontaneous pneumothorax was 
found in this group. 

Since osteogenic sarcoma was the neo- 
plasm encountered most frequently in this 
connection, all children with this diagnosis 
who developed pulmonary lesions were 
studied in detail. The points considered 
were: age; sex; site of primary tumor; dis- 
tribution of the pulmonary metastases ac- 
cording to location within the imner, middle 
or outer third of the lung fields; and the 
osteoblastic, nonosteoblastic o- mixed na- 
ture of these deposits. The interval between 
the onset of disease, the development of 
pulmonary lesions and the time of death 

zas also investigated. No corre ative factor 
was ascertained; the patients with pneu- 
mothorax were similar to those who died 
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Tase III 


ROENTGENOGRAPHIC INCIDENCE OF PULMONARY METASTASES AND OF PNEUMOTHORAX 
SELECTED GROUP OF 381 CHILDREN WITH MALIGNANT TUMORS 
















No. of Cases 
with Lung No. of Cases with Pneumothorax 
Metastases 


No. of Cases 





Type of Tumor i 























Site 
Total} Sex 
E Right Left Bilateral 
_| 
Neuroblastoma 107 | M 6o 
] F 4 
Wilms' tumor 92 | M 45 L | 
| J F 47 1 (Case 10) 
Bone Tumors 
Osteogenic sarcoma 27 
Ewing’s tumor 23 





Reticulum cell sarcoma I 



















































Rhabdomyosarcoma 14 M 
F 
Teratoma —— 8 M 
F 
Hemangioendothelio- 7 ] M 
sarcomi |. | | | | ]-4------L---------- 
F 
Mixed mesodermal tumor 6 M 
F 
Angiosarcoma 5 M 
F 
152 
Adenocarcinoma zl 
Undifferentiated 4 | 
carcinoma 








Neurofibrosarcoma 3 














Undifferentiated sarcoma 3 
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| No.o 
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Tyne of Tumor C l 








f Cases 
with Lung 
Metastases | 





No. of Cases with Pneumothorax 



























































| Total | Sex Total | Sex je C 
i i | | Sex lateral 
Fibrosareæoma | iM 2 | 
| F 
TERN ONE EER | EN kennt clc - 
Chondro-arcomz | 1.M j iM Io i | 
| F i IF o] l | 
i i i i NS 
Miscellageous carcinomas | 14  M 10 | 51M 5| i | 
i F 4 i E Oo | | | 
Soe a hi tar a ease te ae Nt DRE eel nee Cee ER Xo x | 
i f | | 
Lymphoma and Allied | | | | 
Diseases | | | | 
i j i 
Lymphosarcoma | 19 | M it 1 JİM rr | | 
F 8 F o | | 
M n| 4 |M 2 | 
F 6) F 2 | 
mA PNE. EREE MERI rent = ee ee 
M rri o 
F ıl] | 
M Le cn) ann Ics | es 
M 4 o | 
F g5] 
M 217 | 125 4 
F 1:64 | 
with pulmonary metastases but with- Lodmel! and Capps? encountered a patient 


out developing free air in the pleural cavity. 
However, the impression was gained that in 
childrer with osteogenic sarcoma, the first 
demonscrable pulmonary metastases are 
frequenzly located more peripherally than 
those crigineting from nonosseous neo- 
plasms. In fact, small subpleural deposits 
were of en the first visible evidence of lung 
involvenent. This distribution may be im- 
portant in explaining the genesis of pneu- 
mothor:x in these patients. 

Thoraton and Bigelow“ described a 
young zdult with osteogenic sarcoma and 
spontareous pneumothorax in whom a 
bronchcpleural fistula was demonstrated at 
autopsy. The communication resulted from 
necrosis of a peripheral pulmonary nodule. 


who exhibited a similar process. In case 3 of 
our series, two bronchopleural fistulae were 
found at operation. They extended through 
friable tumor to the subpleural level where 
blebs then formed. These in turn ruptured 
into the pleural cavity (Fig. 1). While 
there is 10 doubt regarding the origin of the 
pneumothorax in this patient, the evidence 
obtained at autopsy in other children 
proved more difficult to interpret. Of the 11 
patients of this series who died, post- 
mortem examinations were performed in 7. 
Necrotic neoplastic tissue pouting into the 
pleural cavity was found in all Rents 
could be seen extending deeply into some 
tumor nodules. These findings could be 
interpreted as evidence of antemortem 
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Fic. 1. Case 3. Metastatic osteogenic sarcoma tumor 
nodule in the periphery of the left lung (X250). 
The normal parenchyma is almost entirely re- 
placed by masses of neoplastic cells. A fistula 
(arrows) extends from a bronchiole through friable 
tumor to the surface of the lung. (Air entered the 
pleural cavity via a ruptured subpleural bleb.) 


bronchopleural communication and thus 
explain the genesis of pneumothorax. How- 
ever, dense fibrous adhesions had made re- 
moval of the lungs difficult in most of these 
patients, and often the neoplastic tissue 
was very fragile and easily traumatized 
(Fig. 2). It is possible that the changes were 
artefactual and had been created at the 
autopsy table. In fact, rents and fissures in 
necrotic tumor nodules are seen not un- 
commonly in patients who never developed 
pneumothorax during life. It is therefore 
extremely difficult to positively establish 
the existence of an antemortem broncho- 
pleural fistula, despite careful postmortem 
examination. 

Lodmell and Capps’ found interstitial 
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air and subpleural blebs in 2 of their pa- 
tients. They believe that tumor nodules 
act as ball valves to produce partial bron- 
chiolar obstruction and hyperinflation of 
alveoli, thus initiating the mechanism de- 
scribed by Macklin,’ who attributes the de- 
velopment of interstitial emphysema to the 
overdistention and break-down of alveolar 
"non-partitional bases" with subsequent 
dissection of air along perivascular routes 
to the surface. Should the resulting sub- 
pleural blebs rupture, a pneumothorax re- 
sults. Pulmonary interstitial emphysema 
leading to subpleural bullae was not identi- 
fied before or after death in any child in 
this series. However, the autopsy findings 





Fic. 2. Case 6. Anterior surface of the left lung (post- 
mortem specimen). Dense adhesions obliterated 
much of the pleural cavity, and the lung was torn 
from its bed in removal. As a consequence, the 
rough and irregularly thickened pleural surface is 
disrupted in several areas. The trauma of removal 
also accounts for the deep fissure visible in the 
nodule with a denuded surface seen in the right 
upper corner of the figure. Many other metastases 
can be identified above the pleural level. 
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in another child were suggestive. Multiple 
3-4 mm. blebs of air were found over the 
antericr aspect of the mediastinum cf this 
boy wao had an osteogenic sarcoma and 
pulmonary metastases but who never de- 
veloped pneumothorax. 

The evidence derived from the 12 chil- 
dren here reported suggests that the devel- 
opmen: of bronchopleural fistulae is the 
more frequent way by which air reaches the 
pleural cavity. The communications result 
from ether direct extension through the 
pleura or after the formation of blebs 
which n turn rupture. 

The clinical picture of spontaneous 
pneumothorax developing in association 
with pulmonary metastases shows many 
varlatiens. Some of these are exemplified 
by reports of cases from the authors’ series 


(Table 1) which follow. 


REPORT OF CASES 


Case 3. J.P. This male patient, with onset 
of disease at the age of fourteen, twisted his left 
knee while playing and developed a painful 
limp. À roentgenogram showed a lesion in the 
proximal left fibula and a biopsy was performed. 
The diagnosis was osteogenic sarcoma. He was 
then referred to The Children’s Medical Center. 
Roentgen therapy was started, and 8,044 r were 
delivered to the left proximal tibia in 52 treat- 
ments cer sixty-three days. Antitumor chemo- 
therapy was also given during this interval. He 
remained well until four months after the onset 
of disezse when pulmonary metastases were 
discovered on the right. Three weeks there- 
after, reentgen therapy of the entire chest was 
started and 1,400 r were given in Io treatments 
over fourteen days. After an initial diminution 
in size, the deposits became larger and more 
numerous. Six weeks following completion of 
therapy, a silent right pneumothorax with 30 
to 40 per cent collapse of the underlying lung 
was ideatified roentgenographically. Spontane- 
ous episodes of improvement occurred over the 
ensuing four weeks, although bouts of coughing 
became increasingly troublesome. No func- 
tional impairment was apparent despite roent- 
gen evidence of persistent residual free air in 
the pleural cavity. Suddenly, severe coughing 
spells and pain in the left shoulder became 
manifes:, and another roentgenogram revealed 
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a tension pneumothorax on the left. There had 
been no definite prior roentgen evidence of left 
pulmonary involvement even as recently as 
nine days before. He was admitted to the hos- 
pital for observation and treatment. During the 
next three weeks, repeated left thoracenteses 
were performed with withdrawal of air, and 
tubes were inserted twice in an attempt to re- 
expand the lung. All these measures failed. In 
view of the persistent and uncontrollable bi- 
lateral pulmonary collapse, a left thoracotomy 
was done in order to identify and close the 
leaks. A subpleural emphysematous bleb meas- 
uring 3 cm. in diameter was found in the 
superior segment of the lower lobe. Air escaped 
through a round hole, abouto.§ cm. in diameter, 
at the apex of the bleb. No tumor was palpable 
in relation to this bulla, but microscopic exami- 
nation revealed a bronchopleural fistula through 
a tiny 4 mm. metastasis (Fig. 1). Another rup- 
tured bleb in relation to a metastasis, less than 
2 cm. in diameter, was found along the pleural 
surface of the lingula near its juncture with the 
upper lobe. These lesions and a third sub- 
pleural nodule were removed. The surface of 
the lung was then scarified and dusted with talc, 
and the chest was closed around two tubes. The 
left lung reinflated promptly and remained ex- 
panded throughout the ensuing five months of 
life. The pneumothorax on the right followed a 
variable course, but at no time cleared com- 
pletely. The patient continued to fail slowly 
and expired fifteen months after the first signs 
of disease. 


Comment. The uncontrolled tension 
pneumothorax on the left, added to the 
right pneumothorax, severely restricted 
functional capacity. There was also an 
ever-present danger of complete bilateral 
collapse. Hospital care was considered es- 
sential under the circumstances. All con- 
servative measures failed to secure re-ex- 
pansion on the left and thoracotomy be- 
came necessary to achieve this end. There 
followed prompt improvement, enabling 
the child to leave the hospital and remain 
at home for the remainder of his life. 


Case 5. R.M. This male patient, with onset 
of disease at the age of eleven, was well until 
he began to complain of pain in the right knee. 
One month later, swelling of the part had be- 
come nociceable and a biopsy of the right distal 
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femur was performed. The microscopic diag- 
nosis was osteogenic sarcoma, and roentgen 
treatments were started, approximately 1,200 
r depth dose being given in fifteen days. The 
child was then ‘brought to The Children’s 
Medical Center. Tumor chemotherapy was ini- 
tiated, and roentgen therapy directed to the 
distal femur was continued, using 2 mev. tech- 
nique.* An additional 6,000 r tumor dose was 
given, making a total of 7,200 r in fifty days. 
Six months later, roentgenograms. showed a 
pulmonary deposit on the right, and four weeks 
thereafter, metastases were identified in the 
left distal femur. Eight months after the de- 
velopment of chest metastases and without 
prior symptoms referable to their presence, the 
patient suddenly became disoriented and per- 
spired profusely. This was accompanied by 
moderate pain in the right chest. The entire 
episode lasted about twenty minutes. He was 
admitted to the hospital the next day when a 
chest roentgenogram showed a massive right- 
sided tension pneumothorax. The lung slowly 
re-expanded over the next seven weeks. Chemo- 
therapy with various agents had been con- 
tinued throughout his course, but the chest 
metastases and those in the left femur con- 
tinued to enlarge. The right pneumothorax re- 
curred two weeks after it had been resorbed, 
and on this occasion a thoracentesis was done 
with removal of the free air. His status con- 
- tinued to deteriorate rapidly and he died 
eighteen months after the onset of disease. 


Case 7. L.F. This female patient, with on- 
set of disease at the age of nine, was in good 
health until she suddenly complained of pain in 
the left thigh and inability to stand. Two weeks 
thereafter a mass along the left iliac crest was 
noted. Roentgenograms showed an extensive 
osteolytic lesion involving most of the wing of 
the left ilium. No metastases in the lungs or 
elsewhere were present at that time. Radiation 
therapy of the ilium was started, and after a 
depth dose of 824 r in seven days, a biopsy was 
performed. The pathologic report was osteo- 
genic sarcoma. The patient was then continued 
on 2 mev. radiation therapy.* She received an 
additional 2,290 r (depth dose) in sixteen days 
and one month later 3,900 r (depth dose) in 
twenty-nine days. Tumor chemotherapy was 


* Cascs 5 and 7 were treated through the kind cooperation of 
Dr. Joseph Marks and associates of the New England Deaconess 
Hospital. 
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then initiated. She remained entirely well with 
no pulmonary symptoms until two months 
later, when she developed vomiting and slight 
pain anteriorly over the chest, which was ag- 
gravated by deep inspiration and coughing. 
Roentgenograms taken within the next tew 
days demonstrated a tension pneumothorax 
on the right with complete collapse of the lung 
(Fig. 3.4). The margins of the right lung showed 
numerous small metastatic nodules. These were 
also present on the left side. On the same day, a 
thoracentesis was performed on the right side 
and 600 cc. of air was removed. Two days there- 
after, however, a tension pneumothorax and 
complete collapse of the lung were again demon- 
strated on the same side. Nine days later there 
supervened nausea, vomiting, and greatly in- 
creased respiratory embarrassment. Roentgeno- 
grams showed a tension pneumothorax and com- 
plete collapse of the lung still present on the 
right side. A pneumothorax also was present on 
the left with about 5o per cent collapse. (Fig. 
3B). Bilateral thoracotomies for constant 
drainage of both pleural cavities resulted in 
considerable improvement. The tubes were re- 
moved when re-expansion was complete. Ten 
days later, pneumothorax recurred bilaterally, 
with more than 50 per cent collapse of the lungs 
on each side. The tubes were reinserted but only 
slight improvement resulted. She died one 
month later of severe pulmonary insufficiency, 
six months after the onset of disease. 

At autopsy, hydropneumothorax was found 
on both sides. Each lung was collapsed and ex- 
tensively involved with tumor masses. The 
visceral pleura appeared to be irregular and dis- 
rupted bilaterally due to necrotic tumor nod- 
ules and fibrous adhesions to the thoracic cage. 
Many of the pulmonary metastases in each 
lung showed necrotic centers. 


Case 8. S.B. This female patient, with on- 
set of disease at the age of ten, developed pain- 
less swelling of theleft calf which, on roentgen 
examination, was found to be caused by a tumor 
in the fibula. This was biopsied and the micro- 


scopic diagnosis of Ewing’s tumor was made. 


.Roentgen therapy was delivered to the entire 


left fibula over a thirty day period. The depth 
dose was calculated to be 6,400 r minimum and 
7,100 r maximum. Meanwhile tumor chemo- 
therapy was started. A mid-thigh amputation 
was then performed. Four months thereafter, 
pulmonary metastases on the left were visible 
on roentgenograms. These were treated with 
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Fic. 3. Case 7. (4) Osteogenic sarcoma with bilateral pulmonary metastases. A spontaneous tension pneu- 
mothorax on the right is associated with complete collapse of the lung. This complication was the first in- 
dicaticn that pulmonary deposits were present. (B) Ten days later. Pleural free air on the right persists 


despite attempts to secure permanent re-expansion. 


left where multiple subpleural metastases are visible. 


palliative irradiation with consequent tempo- 
rary disappearance. Four months later, new 
lesions were visible on the right. Slow growth 
ensued over the next seven months, when 
exertional dyspnea and severe cough devel- 
oped. A chest roentgenogram revealed the pres- 
ence of a small, spontaneous tension pneumo- 
thorax en the right (Fig. 4). There were no 
further signs or symptoms attributable to the 
free air which resorbed during the following 
four weeks and never recurred. Her course con- 
tinued t» be downhill. The child expired thirty- 
three months after the onset of illness. 

At avtopsy, the entire thoracic cage was 
filled wi-h tumor masses and fibrous adhesions 
largely obliterated the pleural cavities. Virtu- 
ally no normal lung tissue could be identified 
grossly. Many of the neoplastic lesions showed 
extensive central necrosis. 


Case 10. M.N. This female patient, with on- 
set of disease at the age of six years, had been 
well untl a palpable mass in the abdomen on 
the left was discovered. Excretory urography 
confirmed the presence of a left renal tumor, 
and a left nephrectomy was performed. The 
diagnosi: on microscopic examination was 
Wilms' tumor. No pulmonary metastases were 
present at this time. Postoperative roentgen 
therapy »f the left renal bed was given through 


A spontaneous pneumothorax is now present on the 


opposing anterior and posterior portals. The 
depth dose was 3,500 r delivered in 22 treat- 
ments in twenty-seven days. Seven months 
later, a Horner's syndrome developed on the 
left and metastatic involvement was found in 
the left cervical lymph nodes. Pulmonary me- 
tastases on the right were also discovered at 
that time. Chemotherapy was started, and the 
roentgen therapy was directed to the cervical 
mass and to the pulmonary lesions, but her sub- 
sequent course was progressively downhill. Ten 
months after the nephrectomy, pleural fluid ac- 
cumulated on the right, requiring thoracentesis 
for relief of respiratory distress. Two months 
thereafter, an asymptomatic spontaneous pneu- 
mothorax developed on the left. Gradual re-ex- 
pansion of the lung took place during the re- 
maining four weeks of life. She expired thirteen 
months zfter the onset of disease. 

At autopsy, there were extensive metastases 
to the .ungs, pleura, and tracheobronchial 
lymph nodes as well as to various extrathoracic 
sites. Bilateral hemothorax was also present, 
with severe compression atelectasis of the right 
lung. 


Case 13. M.C. This female patient, with 
onset of disease at the age of eleven years, was 
first admitted to the hospital because of pain 
and swelling of the right thigh. An incomplete 


IIOO 





Vic. 4. Case 8. Ewing's tumor with pulmonary me- 
tastases and spontaneous pneumothorax. A periph- 
eral tumor nodule bulges into the pleural cavity. 


excision was performed with histologic diagno- 
sis of hemangioendotheliosarcoma. Roentgen 
therapy was delivered to the right thigh. 
Pulmonary metastases became evident five 
months thereafter. Her condition deteriorated 
slowly despite the administration of multiple 
chemotherapeutic agents with and without 
roentgen therapy. 

Fifteen months later there was a sudden epi- 
sode of difficulty in breathing and chest pain 
which persisted over the ensuing four days. 
Roentgen examination of the chest showed a 
large tension pneumothorax on the right with 
complete collapse of the lung. A drainage tube 
was inserted into the right chest. Within 
twenty-four hours there was almost complete 


re-expansion of the lung. Further episodes of 


collapse occurred, but the lung completely re- 
expanded within two weeks. She continued to 
fail and died twenty-two months after her first 
symptoms. 

At autopsy, there was extensive bilateral 
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pulmonary disease, but no explanation for the 
genesis of the pneumothorax on the right was 
established. 


DISCUSSION 


There appears to be a disproportionate 
number of children with osseous tumors in 
whom spontaneous pneumothorax is a 
complication of pulmonary metastases. 
Chest roentgenograms demonstrating this 
combination suggest that the primary 
tumor originates in bone and most prob- 
ably is an osteogenic sarcoma. A corollary is 
that patients with this neoplasm and lung 
deposits not infrequently develop a spon- 
taneous pneumothorax. Of rg children 
with osteogenic sarcoma metastatic to the 
lung, 4 manifested spontaneous pleural 
free air at some time during the course of 
the disease. 

The complication can develop relatively 
early in the course of a child with a malig- 
nant process and pulmonary deposits. In 
some patients, the presence of free air in the 
pleural cavity is the first sign of lung in- 
volvement, previous roentgenograms hav- 
ing failed to demonstrate metastases. The 
pneumothorax may be silent and unsus- 
pected clinically, only to be discovered as 
an incidental finding on roentgen examina- 
tion. No treatment may be necessary under 
circumstances such as these, particularly 
since spontaneous re-expansion can occur. 
While the improvement may be only tem- 
porary in some patients, in others there is 
no recurrence. 

'The onset of pneumothorax 1s dramatic 
at times, and the patient develops the 
classic signs and symptoms of sudden chest 
pain, dyspnea and collapse. Prompt recog- 
nition and effective management of the 
complication, when disabling, can result in 
several more months of comfortable exist- 
ence for the patient. Conservative meas- 
ures may suffice, but vigorous treatment 
often becomes necessary. This may prove 
difficult, and thoracotomy sometimes is re- 
quired before permanent re-expansion of 
the affected lung is obtained. 

It has been suggested? that cough may be 
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a precipitating factor in the production of 
pneumcthorax in these patients. Free air 
can dewelop, however, without any previ- 
ous complaint referable to the chest. In 
Case 7, the onset of tension pneumothorax 
was the first indication. of pulmonary 
metasteses, the child having been free of 
symptoms with normal roentgenographic 
findings prior to that time. 

No oovious association could be found 
betweer any form of chemotherapy and 
the development of this complication, nor 
was the-e any constant relationship to the 
use of roentgen therapy to the chest. 

The roentgen differential diagnosis of 
spontareous pneumothorax seldom pre- 
sents aay difficulty in these patients. Oc- 
casiona lv, extensive necrosis within huge 
pulmonary metastases with tracheobron- 
chial conmunication can lead to confusion 
in diagaosis. The resultant air-fluid level 
may seem to reach the thoracic wall and 
simulate the appearance of a pneumo- 
thorax (Fig. 5). Metastases with associ- 
ated large subpleural blebs have been 
described. An adult reported by Lodmell 
and Caops? was found at autopsy to have 
bullae as large as 20 cm. in diameter. 
Roentgenographically, these might simu- 
late a localized pneumothorax. A child with 
metastatic osteogenic sarcoma (not in- 
cluded in this series) presented such a 
probler in roentgen diagnosis. It was not 
possible to state with certainty whether 
there was a small loculated pneumothorax 
or whetaer the appearance was caused by 
a collection of blebs beneath the pleura 
(Fig. 6) 


SUMMARY 


Spontaneous pneumothorax occurs in- 
frequen ly in association with pulmonary 
metastases. Thirteen children with various 
malignant tumors who developed this 
complication are reported. Nine of these 
patients had bone tumors, as did 7 of the 8 
children heretofore recorded. The apparent 
associaton of this secondary manifesta- 
tion arl malignant tumors primary in 
bone is discussed as are the probable routes 
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Fic. 5. Osteogenic sarcoma with palmonary me- 
tastases. An air-fluid level is present in the left 
upper hung field and simulates a aydropneumo- 
thorax. At autopsy, no free air was present in the 
pleural cavity. There was extensive necrosis and 
liquefaction within an enormous tun.or mass which 
virtually replaced the lung, but a tain shell of in- 
tact tissue remained peripherally. 


by which free air reaches the pleural cavitv. 
The onset of pneumothorex may be 

asymptomatic in some instances but dis- 

abling in others. Since the complication 

may occur early in the course of the dis- 

ease, prompt detection and treatment can 

secure for some patients relat ve comfort 

during the remaining months o7 life. 

Giulio T. D'Angio, M.D. 

The Children's Hospital 


300 Longwood Avenue 
Boston 15, Massachusetts 


We are indebted to Drs. Sidney Ferber and Wil- 
liam T. Green for making available the clinical data 
of these patients. 


ADDENDUM 


Since this paper was prepared for pub- 
lication, an additional case his come to 
our attention. Dargeon, in his book “Tu- 
mors of Childhood" (Paul B. Hoeber, Inc., 
New York, 1960), reports the case of a 
nine year old boy with an anziosarcoma, 


1IO2 Giulio J. D'Angio and Guido Iannaccone DECEMBER, 1961 


Corey, B. L., Hicinsotuam, N. L., and BowpEN, 
L. Endothelioma of bone (Ewing's sarcoma). 
Ann. Surg., 1948, 128, 533-560. 

4. De Barris, J. Hemopneumothorax spontané 
dans une métastase pulmonaire de sarcome 
osseux. Bull. et mém. Soc. Radiol. méd. de 
France, 1937, 25, 73-76. 

Deprerre, R., POINTILLART, J., and VERLEY 
(Mme). Pneumothorax spontané secondaire 
à un carcinome pulmonaire métastatique. 7. 
franç. méd. et chir. thorac., 1957, 11, 173-178. 

6. Excrr, R. B. Spontaneous pneumothorax com- 
plicating pulmonary metastasis of sarcoma. 
California Med., 1958, 89, 287. 

7. Leicu, T. F., and THompson, E. A. Pulmonary 
metastatic sarcoma with associated pneu- 
mothorax; report of two cases. Am. J. ROENT- 
GENOL. & Rap. THERAPY, 1951, 66, 900-902. 

. LopMELL, E. A., and Capps, S. C. Spontaneous 
pneumothorax associated with metastatic sar- 
coma; report of three cases. Radiology, 1949, 
52, 88-93. 

9. Mackris, C. C. Transport of air along sheaths 
of pulmonic blood vessels from alveoli to me- 
diastinum; clinical implications. Arch. Int. 
Med., 1939, 64, 913-926. 

10. Micnugrassi, P., and Spraata, S. Considerazioni 
clinico-radiologiche su due casi di pneumotor- 
ace spontaneo, ed apparentemente idiopatico, 
secondario a metastasi polmonari. Ann. radiol. 
diag., 1960, 33, 39-52. 

11. Myerson, R. M. Sponanteous pneumothorax; 
clinical study of roo consecutive cases. New 
England Y. Med., 1948, 238, 461—463. 

12. Suaw, A. B. Spontaneous pneumothorax from 
secondary sarcoma of lung. Brit. M. F., 1951, 
I, 278-280. 

13. SHERMAN, R. S., and Brant, E. E. X-ray study 

of spontaneous pneumothorax due to cancer 

metastases to lungs. Dis. Chest, 1954, 26, 

328-337. 


primary in the sacrum, with bilateral pul-  ;, Tuonwrox, T. F., Jr, and Bicetow, R. R. 


o 


un 


oo 





Fic. 6. Osteogenic sarcoma with pulmonary me- 
tastases. A small collection of air is visible imme- 
diately beneath the parietal pleura (arrows). The 
appearance could be produced by a small locu- 
lated pneumothorax or by subpleural blebs. At 
autopsy, two weeks after this roentgenogram was 
made, extensive adhesions were found in the area, 
but neither free air nor bullae were identified. 
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BLEEDING ESOPHAGEAL VARICES IN THE PRESENCE 
OF A NORMAL SPLENOPORTOGRAM 
A CASE REPORT 
Ry JOHN L. DOPPMAN, M.D.*, and ROBERT SHAPIRO, M.D.f 


NEW HAVEN, CONNECTICUT 


ERCUTANEOUS | splenoportography 

was originally devised to provide ana- 
tomic end functional information on the 
portal venous system to the surgeon plan- 
ning a shunting procedure. A clinical diag- 
nosis of portal hypertension, supported by 
routine laboratory and roentgenographic 
studies, has usually been made beforehand. 
Recently, refinements in technique, par- 
ticularl- in rapid serial roentgenography, 
have led to a more widespread use of this 
examinztion. At present, splenoportogra- 
phy is 10 longer restricted to candidates 
for surgical shunting but is now also 
advocated by many as a diagnostic pro- 
cedure in upper gastrointestinal bleed- 
ing. In this regard, surprisingly meager 
data are available in the literature concern- 
ing the diagnostic accuracy of splenopor- 
tography. In general, however, all investi- 
gators nave verified the high degree of 
accuracy that might be anticipated theo- 
reticall.. Thus, Turner, Sherlock and 
Steiner! consider venography the method 
of chore in demonstrating esophageal 
varices and state: “If portal venography 
fails to show a gastroesophageal collateral 
circulaton, bleeding from varices is most 
unlikely.” Bergstrand and Ekman! re- 
ported illing or collaterals in all patients 
with po tal hypertension and expressed the 
opinion that barium swallow studies never 
demons rated varices that did not visualize 
at venography. Rousselot et a/.? state: “We 
expected and found in the portogram, 
coronar *-gastroesophageal collaterals in aX 
cases." 

We have recently been distressed by our 
failure to demonstrate collaterals in a 


patient with portal hypertension and obvi- 
ous varices. For this reason, the following 
case is presented together with some dis- 
cussion concerning the possible hemody- 
namic mechanisms involved. 


REPORT OF A CASE 


This sxty-seven year old white retired rail- 
road worker was referred to the Hospital of St. 
Raphael because of weakness and hematemesis. 
The admission diagnosis was bleeding peptic 
ulcer. Six days before admission, the patient 
noted tarry stools and vague epigastric discom- 
fort not relieved by meals. He was seen by his 
private physician and placed on an ulcer regi- 
men of antacids and antispasmodics. One day 
prior to, and on the day of, admission, he 
vomited considerable amounts of bright red and 
coffee ground material. 

Six months previously, he had noted black 
stools over a one week period, associated with 
weakness and mild epigastric discomfort. On an 
ulcer reg; men, the symptoms subsided and no 
further studies were done. There was a long 
history of chronic alcoholism but no previous 
episodes of jaundice. Traumatic amputation of 
his left lower leg had resulted from a railroad 
accident ten years before. 

Physical examination revealed an extremely 
pale but alert and oriented male. No jaundice or 
spider amgiomata were noted. The lungs and 
heart were normal. A questionable nontender 
liver edge was felt but the spleen was not palpa- 
ble. The blood pressure was 130/70 and the 
pulse r2c. 

The hemoglobin on admission was 4 gm. and 
the hematocrit 17 per cent. The bromsulphalein 
was 20 per cent, but the remaining liver func- 
tion studies, including total protein, A/G ratio, 
bilirubin, prothrombin time, cephalin floccula- 
tion, thrmol turbidity, cholesterol, alkaline 
phosphatase, and blood ammonia, were normal. 


* Senior cesident in Radiology, The Hospital of St. Raphael, New Haven, Connecticut. 
T Chairman, Department of Radiology, The Hospital cf St. Raphael, New Hzven, Connecticut. 
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An upper gastrointestinal series revealed large 
varices of the distal esophagus and probable 
gastric varices (Fig. 1). 

During the first three hospital days, multiple 
transfusions raised the hemoglobin to 11.5 gm. 
and all evidence of active bleeding subsided. In 
view of the well compensated hepatocellular 
function, a splenoportal shunt was contem- 
plated. In preparation for this procedure, percu- 
taneous splenoportography was performed. 
Although not palpably enlarged, the spleen was 
easily punctured and the intrasplenic pressure 
(corrected to the anterior body of the first lum- 
bar vertebra’) averaged 410 mm. HO. Follow- 
ing the manometric determination, 50 cc. of go 
per cent hypaque was injected manually over a 
period of six to eight seconds. Roentgenograms 
at the rate of two per second were obtained 
commencing with the beginning of the injection 
and extending over a fourteen second period. At 
no time was any collateral circulation or retro- 
grade filling of the portal tributaries demon- 
strated. Patent splenic and portal veins were 
visualized. The intrahepatic portal branches 
were sparse and tortuous, with the typical 
"tree in winter"!? appearance associated with 
cirrhosis (Fig. 2). 

Failure to demonstrate any roentgenographic 
signs of portal hypertension (ż.e., retrograde 
filling of portal tributaries, visualization of 
collateral circulation, dilated splenic and portal 
veins with delayed transit) in the presence of 





Fic. 2. The initial splenoportogram without evidence 
of collateral filling. Note the filling defect at the 

Fic. 1. Barium swallow study demonstrating large entrance of the superior mesenteric vein. Intra- 
varices extending the length of the esophagus. splenic pressure at this time was 410 mm. H;O. 
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marked iatrasplenic hypertension and obvious 
esophagez] varices raised some doubt concern- 
ing the correctness of the clinical diagnosis. A 
localized eft coronary vein occlusion can pro- 
duce varces and a normal splenoportogram, 
but such a patient would not benefit by portal 
vein decampression. Carcinoma of the gastric 
cardia frequently extends submucosally up the 
esophagu. and occasionally may simulate 
varices. 

Consequently, four days after the first spleno- 
portograra, esophagoscopy was performed. 
Very large varices were encountered 7 cm. 
below th: cricopharyngeus and extended the 
length of the esophagus. The following day, a 
second percutaneous splenoportogram was 
performec, technically similar to the first 
examinaton in all details. On this occasion, 
retrograd- filling of the inferior mesenteric vein 
and visua ization of short gastric veins draining 
into larg: esophageal varices confirmed the 
original d:agnosis of cirrhosis with portal hyper- 
tension and varices (Fig. 3). The corrected 
intraspleric pressure on this occasion was 370 
mm. H:O 

An enc-to-side portacaval anastomosis was 
performec (Dr. Philip Wade) resulting in a 
pressure crop of 110 mm. H:O (300—190) when 
the shunt was opened. A repeat barium swallow 
study during convalescence showed almost 
complete disappearance of the varices, a few 
widened ongitudinal folds remaining in the 
distal eso»hagus.* 

The paient was admitted five months follow- 
ing surgery in a stuporous condition with a 
blood ammonia of 105. He responded rapidly to 
low prote:n feedings, his sensorium clearing in 
thirty-six hours and the blood ammonia drop- 
ping to 42. Unfortunately, no barium swallow 
examination was done at this time. However, 
there has deen no recurrence of gastrointestinal 
bleeding. 


DISCUSSION 

Most reviews of splenopor togr raphy have 
stressed its accuracy in demonstrating 
portal collateral circulation, particularly 
the cardpesophageal collateral system. We 
believe chat serial roentgenograms are 
required for an adequate examination and 
that failure to visualize known varices on a 


single ro-ntgenogram at the conclusion of 
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Fic. 3. Nete the retrograde filling of the inferior 
mesenteric vein and the dilated short gastric veins 
filling tertuous esophageal varices. Intrasplenic 
pressure was 370 mm. H.O. 


injection does not exclude their tilling at an 
earlier or later phase. Bruwer and Hallen- 
beck? include in their material a single case 
(Case 5) in which  splenoportography 
showed no evidence of collaterals in spite of 
a portal pressure of 520 mm. H:O and 
varices previously demonstrated on barium 
swallow study. However, only a single 
roentgenogram was taken and the authors 
themselves admit that “more than one 
roentgenogram is required for satisfactory 
demonstration of the functional hemo- 
dynamic status of the portal system.” 
Figley et al. mention 3 cases with proved 
varices which did not fill but they also 
incriminate inadequate roentgenography. 
In addition, no mention is made of intra- 
splenic pressure measurements or the 
visualization of other collateral systems. 

The time sequence of examinations may 
have an important bearing on collateral 
filling. It is conceivable that va-ices, dem- 
onstrated on barium swallow examination 
during acute hepatic decompensation, 
might fail to fill during splenoportography 
at a later date. Intensive medical therapy 
may undoubtedly ameliorate acute hepatic 
congestion with a resultant increase in 
transhepatic portal blood flow and a drop 
in portal pressure. Previously overburdened 
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collateral networks may then cease to func- 
tion or diminish markedly in size. However, 
this possibility fails to explain the findings 
in our case (Table 1) in which collateral 
filling occurred only after clinical improve- 
ment and a drop in portal pressure. 

"The natural history of esophageal varices 
has' been well demonstrated by Palmer,’ 
who "performed serial esophagoscopies on 
133 patients with proved cirrhosis and 
varices, noting a marked day to day varia- 
tion in their size and extent. In 35 of the 
subjects, varices were not seen during at 
least one esophagoscopic examination. In 
addition, he found little correlation between 
varix size and the clinical course of the 
patient or the level of portal pressure. He 
explained this variation by pointing out 
that esophageal varices constitute but one 
of several portosystemic shunting systems 
and that different outflow tracts may func- 
tion at different times. Theoretically, 
splenoportography should demonstrate all 
collateral networks functioning at the time 
of the examination and should, therefore, 
be more reliable than either a barium 
swallow study or esophagoscopy where only 
the submucosal component of the cardio- 
esophageal shunt can be seen. Failure to fill 
varices at splenoportography, provided 
other shunt systems are demonstrated, 
does not exclude their presence. However, 
failure to demonstrate any collaterals at all 
in the presence of portal hypertension, as 
happened in our case, would seem to ex- 
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clude a large functioning collateral network. 
Certainly, there must be a stage early in the 
development of cirrhosis when elevated 
portal pressure alone suffices to perfuse the 
liver and no collaterals are present. This 
was the stage of disease with which we 
thought we were dealing. If uncertain or 
equivocal varices had been demonstrated 
on barium swallow examination, we would 
have pursued it no further. 

From our personal experience and a 
review of the literature, a small but definite 
group of patients with portal hypertension 
and functioning portosystemic shunts seem 
to have a normal splenoportogram. Steiner 
et al." from a large experience, report 2 
patients with varices not demonstrable on 
splenoportography, but they make no 
mention of other collaterals. Evans® reports 
4 cases showing extensive varices on barium 
swallow studies with apparently normal 
portograms. However, 2 of these patients 
had normal intrasplenic pressures and the 
third, an unsatisfactory pressure tracing. It 
is conceivable that, with normal portal 
pressures, none of the shunts was function- 
ing at the time of the examination. (He 
does not mention the time relationships 
between barium swallow examination and 
splenoportography). This leaves but one 
case similar in all respects to our own, viz., a 
normal splenoportogram in the presence of 
portal hypertension and proved collaterals. 

It is difficult to conceive of a mechanism 
to explain this phenomenon. Evans* sug- 
gests that breath holding during the exami- 
nation might elevate the pressure in the 
caval and azygos systems with temporary 
arrest or even reversal of the flow through 
collaterals. It is our policy to have the 
patient breathe shallowly throughout the 
examination except when the needle is 
inserted or withdrawn. A prolonged injec- 
tion time resulting in an inadequate bolus 
of contrast material should produce faint 
opacification of all vascular channels, not 
merely failure of collateral filling. More- 
over, Bergstrand and Ekman? have shown 
in dogs that variations in the rate of intra- 
splenic injection, provided adequate visu- 
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alizaticn 1s obtained, produce no variation 
in the presence or absence of collateral 
filling. It is possible that streaming phe- 
nomena within the portal vein could sweep 
the entire bolus of contrast material di- 


rectly to the liver in spite of the presence of 


multiple functioning shunts. 

No adequate hemodynamic explanation 
may be offered for the above case. Never- 
theless, it does caution against complete 
relance upon splenoportography for the 
diagnosis of esophageal varices. Although 
splenoportography is the most reli fable 
single technique available at present, it is 
not infallible since it can yield normal 
findings in the presence of bleeding varices. 


SUMMARY 


A case of bleeding esophageal varices is 
presented with two percutaneous spleno- 
portographic studies. The first examination 
was normal but the second study, per- 
formed under similar conditions, revealed 
the varices. Possible hemodynamic mecha- 
nisms are considered. 


John L. Deoppman, M.D. 
The Hosp:tal of St. Raphael 
New Haven 11, Connecticut 
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INTRAVENOUS ABDOMINAL AORTOGRAPHY IN THE 
DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 
OF ANEURYSMS OF THE SPLENIC, HEPATIC 

AND RENAL ARTERIES* 


By ISRAEL STEINBERG, M.D., NATHANIEL FINBY, M.D., and JOHN A. EVANS, M.D. 
NEW YORK, NEW YORK 


"| HERE is general agreement that the 
A definitive diagnosis of aneurysm of the 
splenic, hepatic or renal artery is estab- 
lished by contrast visualization. The era of 
abdominal aortography was ushered in by 
dos Santos ef a/.7 in 1929 when they des- 
cribed their lumbar aortography. At first, 
largely because of the alarming vascular 
damage and fatalities in the animals stud- 
ied by Henline and Moore? and reported 
from this center, there was reluctance to 
perform translumbar aortography. Later, 
it became quite popular,5323247,5655 but 
had been virtually abandoned by many as 
a diagnostic procedure when fatalities and 
increasing complications were reported.5:™ 
38 However, it is still highly regarded in 
many centers for diagnosis of renal arterial 
malformations and for discovery of the 
cause of renal hypertension, and with 
proper care and precaution can be accom- 
plished with minimum risk.5193539 Lately, 
percutaneous retrograde aortography and 
selective arteriography have been widely 
used, probably because of improvements in 
catheters,” spring guides, contrast agents, 
and mechanical injectors.? 

A recent account of an intravenous 
method of abdominal aortography, em- 
ploying a modification of the Robb-Stein- 
berg technique, by bilateral, simultaneous 
and rapid injection of concentrated or- 
ganic lodides and precisely timed roent- 
genography documents the capability of 
the procedure to readily opacify aneurysms 
of the aortic arch, abdominal aorta and its 
branches. Because very little special or 
expensive apparatus is required, it can 
easily be performed in the average well- 


equipped radiology department. Abdomi- 
nal aortography and peripheral arteriog- 
raphy, thereby, become practical and 
generally available diagnostic techniques. 

In this report, intravenous abdominal 
aortography for diagnosis of aneurysms of 
the splenic, hepatic and renal arteries is 
illustrated, discussed and compared with 
arterial puncture. In this way, the place of 
intravenous abdominal aortography in 
establishing or excluding disease of the ab- 
dominal aorta and its branches can be as- 


sessed and evaluated. 


FINDINGS 
ARTERIOSCLEROTIC SPLENIC ARTERY ANEURYSM 


Three patients with arteriosclerot:c aneu- 
rysms of the splenic artery have been ex- 
amined since we began using intravenous 
abdominal aortography in 1959. The first 
case, (Fig. 1, £ and B) recently reported,” 
was studied after a roentgenogram of the 
hips, made because of backache, had dis- 
closed calcifications in the left upper quad- 
rant (Fig. 14). An intravenous abdominal 
aortogram showed that the larger of the 
two calcifications was a splenic artery 
aneurysm, the other a calcified lymph node 
(Fig. 1B). 

Another patient"! (Fig. 2, 4-D), a wo- 
man aged sixty-seven, with gastrointes- 
tinal complaints, was found to have an egg- 
shell type of calcification just medial to the 
lesser curvature of the stomach (Fig. 2.4). 
Intravenous abdominal aortograms dem- 
onstrated a splenic artery aneurysm (Fig. 
2, B and C). Figure 2D is a view of the 
aneurysm at operation, while Figure 2F is 
the excised specimen. 


* From the Departments of Radiology and Medicine, The New York Hospital- Cornell Medical Center, New York, New York. 
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The third case, that of a sixtv-five vear 
old waman (Fig. 3, 4-D), was unusual be- 
cause the presenting complaint was hema- 
turia, which subsequently was found to be 
due tc hemorrhagic cystitis. The conven- 
tional roentgenograms showed a 2.5 cm. 
round calcified mass in the left upper 
quadrant, seemingly related to the left 
kidney (Fig. 3, 4 and B). Intravenous ab- 
dominal aortograms, however, clearly dif- 
ferentiated it from the kidney substance 
and enabled the establishment of the dia- 
gnosis of an arterlosclerotic splenic artery 
aneurysm (Fig. 3, C and D). Figure 3E 
shows the splenic artery aneurysm i” situ 
at the time of operation. The aneurysm and 





Fic. 1. Arteriosclerotic aneurysm of the splenic artery 
in an asymptomatic fifty-four year old housewife. 
(4) Erlarged (close-up) conventional roentgeno- 
gram siowing two calcific shadows in the left up- 
per quedrant. The larger lesion is egg-shell in type 
and locited between the eleventh and twelfth ribs 
adjacert to the eleventh and twelfth vertebrae. 
The smaller rectangular lesion is in an interspace 
above. (B) Enlarged (close-up) intravenous ab- 
domina! aortogram showing the opacified splenic 
artery aneurysm. Note that the upper calcific 
shadow (arrow) is not opacified. 
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Fic. 2. Arteriosclerotic splenic artery aneurysm in a 
Sixty-seven year old woman with vague left upper 
quadrant flatulence and discomfort. (4) Enlarged 
(close-up) roentgenogram of the barium filed 
stomach showing a rounded 1.5 em. egg-shelled 
type of calcification adjacent to the left border of 
the spine just below the eleventh left rib (arrow). 


spleen were removed; the convalescence 
was uncomplicated. 
HEPATIC ARTERY ANEURYSM 

The ease of an arteriosclerotic aneurysm 
of the hepatic artery in a seventy-two year 
old man (Fig. 4, 4-C) was also recently 
reported. The aneurysm, encountered 
during an exploratory operation for suba- 
cute cholecystitis and cholelithiasis, was 
not removed. Four years later, when we 
began employing abdominal aortography, 
the hepatic artery aneurysm was visual- 
ized. Figure 4,7 is the conventional roent- 
genogram of the abdomen showing a small 
calcification in the right upper quadrant. 
An intravenous abdominal aortogram 
showed an aneurysm of the heoatic artery 


(Fig. 4, B and C). 


RENAL ARTERY ANEURYSM 

Two patients with renal artery aneu- 
rysms have had intravenous abdominal 
aortography. The first, a fifty-f ve vear old 
woman (Fig. 5, .7-C) had hypertension 
(190/110 mm. Hg), peripheral vascular 
disease, and a characteristic signet-ring 
calcific shadow in the pelvis of the right kid- 


IIIO 






ney (Fig. 5, Æ and B). An intravenous ab- 
dominal aortogram demonstrated a hypo- 
plastic left renal artery and kidney, and 
arteriosclerotic endarteritis of the abdomi- 
nal aorta and iliofemoral arterial tree (Fig. 


Israel Steinberg, Nathaniel Finby and John A. Evans 


DECEMBER, 1961 





lic. 2. (B) Intravenous abdominal aortogram 
showing the splenic artery aneurysm (ar- 
row). (C) Enlarged (close-up) view of the in- 
travenously opacified tortuous splenic artery 
and splenic artery aneurysm (arrow). (C is 
reproduced with permission from the New 
England F. Med.*°). 


5C). The left renal artery was poorly vis- 
ualized, probably because of arterio- 
sclerotic endarteritic involvement of the 
vessel. The right renal artery was not ab- 
normal; an aneurysm in the hilus of the 





Fic. 2. (D) Photograph of the splenic artery aneurysm (arrow) at operation. (E) The excised 
splenic artery aneurysm. 





Vic. 3. Arteriosclerotic splen artery an- 
eurysm in a sixty-five year Gd housewife 
admitted with a complaint of hematuria. 
(4) Conventional abdominal roent- 
genogram showing a rounded 2.5 cm. 





calcific (egg-shell) lesion in the left 
upper quadrant (arrow) just below the 
left twelfth rib. (B) Later:l roentgen- 
ogram of the abdomen saowing the 
location of the calcific les on (arrow) 
deep in the left upper quadrant. (C) 
Intravenous abdominal aortogram dis- 
closing the splenic artery aneurysm (arrow) and the tortuous splenic artery. Tortuosity of the abdom- 
inal aorta anc common iliac arteries is seen. (D) Enlarged (close-up) view of the opacifizd tortuous 
spleaic artery and splenic artery aneurysm (arrow). Note the relation to the aneurysm, dose to, but 
seperate from, the hilus of the kidney. 
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Fic. 3. (E) Photograph of the splenic artery 
aneurysm at the time of operation. 


right kidney was not demonstrated (Fig. 
£C). However, because of the characteristic 
pyelographic findings (Fig. 5, 4 and B), 
an exploratory operation of the right kid- 
ney was performed and disclosed a clotted 
calcific 1 cm. aneurysm of the right renal 
artery as it entered the hilus (Fig. 5D). Be- 
cause preoperative studies had revealed 
decreased function in the left kidney and 
the left renal artery and kidney were hypo- 
plastic, right nephrectomy was not done. 
A year following operation, the hyperten- 
sion was still unrelieved and the patient 
was unimproved. 

The second patient was a forty-eight 








lic. 4. Arteriosclerotic hepatic aneurysm in a seventy-two year old 
man, visualized four years after its discovery at operation. (A) 
Conventional frontal roentgenogram of the abdomen showing 
a rounded 1.5 cm. in diameter calcific area (arrow) between the 
eleventh and twelfth right ribs close to the border of the spine. 
(B) Intravenous abdominal aortogram showing tortuosity of 
the abdominal aorta and common iliac arteries. The hepatic 
artery is dilated at its origin, it then becomes aneurysmal in 
the calcific region (arrow). (C) Enlargement of the involved 
area showing the aneurysm (arrow). (C is reproduced with per- 


mission from The New England F. Med.*°) 
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vear olc man (Fig. 6, 4-C), who also had 
hypertension (170/115 mm. Hg). Deform- 
ity of the right renal pelvis was demonstra- 
ted on a retrograde pyelogram (Fig. 6.47). 
The intravenous abdominal aortogram re- 
vealed a 1 cm. aneurysm of the right renal 
artery (Fig. 6, B and C). This finding was 
confirmed at operation, but in this instance, 
because previous studies had demonstrated 
good left kidney function, a right ne- 
phrectomy was performed and the patient 
became normotensive. 


Vic. 5. Calcified aneurysm of the right renal artery in a 


fifty-five year old hypertensive and arteriosclerotic woman 
with perzbheral vascular disease. (A) Retrograde pyelo- 
gram showing a I cm. signet-ring calcification in the 
hilus of the right kidney. (B) Enlarged (close-up) view 
of the right pyelographic study, again showing the 
halo-type calcification (arrow). (C) Intravenous ab- 
dominal aortogram revealing narrowing, irregularity 
and tortuosity of the abdominal aorta and common 
femoral arteries. The right renal artery and kidney are 
hypoplastic. The right renal artery is intact; the cal- 
cific shadow in the kidney hilus is not opacified. 





Fic. 5.(D) Photograph at operation revealing the 
clotted calcified aneurysm (arrow). 


DISCUSSION 


Owens and Coffey,’ in a thorough re- 
view of splenic artery aneurysms, discussed 
the incidence, pathogenesis, pathologic 


and clinical features and the tendency of 


these aneurysms to rupture during preg- 
nancy. More recently, Culver and Pirson,® 
and Sheps and his co-workers* have re- 
viewed the subject. There appears to be 
general agreement among surgeons that, 
once the diagnosis of splenic artery aneu- 
rysm is suspected, surgical exploration and 
excision of the aneurysm is essential to 
prevent rupture. Indeed, following the 
pioneer paper of Lindboe," who empha- 
sized that rounded, egg-shell calcific shad- 
ows in the left upper quadrant were likely 
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lic. 6. Saccular aneurysm of the right renal artery in 
a forty-eight year old hypertensive man. (A) Retro- 
grade pyelogram of the right kidney showing a 
pressure-defect of the upper calyx (arrow). (B) 
Intravenous abdominal aorotogram revealing a 1 
cm. saccular aneurysm of the right renal artery 
(arrow). Both kidneys are equally and homo- 
geneously opacified. (C) Enlarged (close-up) view 
of the saccular aneurysm (arrow). 


to be aneurysms of the splenic artery, 
routine exploration of the abdomen and 
excision of the aneurysm and spleen have 
been advocated. Von Ronnen,? however, 
believes that only if the calcified splenic 
aneurysm is large, causes symptoms, or en- 
larges is surgery indicated. 

Diagnosis of splenic artery aneurysms is 
dependent mainly upon roentgenography. 
In 15 per cent of the cases reviewed by 
Owens and Coffey,” there were valuable 
diagnostic roentgen clues consisting of 
either a pulsatile mass in the posterior wall 
of the stomach or round or oval-shaped 
thin lined (egg-shell) calcifications located 
in the upper left quadrant of the abdomen 


(Mies 1, fand B. 04: and x, 4 and B): 
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Differentiation between | gastrointestinal 
and reral calcifications can readily be made 
by cortrast roentgen studies. Pancreatic 
stones are more difficult to differentiate,” 
but now that a method for opacifving the 
aorta wa the intravenous route exists, the 
definitwe diagnosis need not be delaved. 

Jweas and Coffey?” also emphasize that 
awareness of rhe possible existence of a 
splenic artery aneurysm is very important 
in estaolishing the diagnosis. Among the 
clinical findings cited by these authors are 
pain in the left upper quadrant, flatulence 
and spEnomegaly. These are so nonspecific 
that they provide little aid in diagnosis. 
Other sgns of greater significance, although 
rare, are a palpable and occasionally pulsa- 
tile tumor in the left hypochondrium. How- 
ever, tae “egg-shell” opacities in the left 
upper cuadrant, unrelated to the renal or 
gastroirtestinal systems, provide the most 
significent clues of splenic artery aneu- 
rysms. 

Of incerest, is the case showing opacifica- 
tion of the splenic artery aneurvsm (Fig. 
1B) and not of the adjacent calcification. 
At operation the latter turned out to be a 
caleifiec lymph node. Multiple aneurysms 
of the solenic artery have been reported in 
the lite ature, but these have been round, 
lined b> calcific walls and have contained 
mottled densities, in marked contrast to 
the irregularly shaped and often homo- 
eneougv calcified structure of the calci- 
ed lv mph node (Fig. 1.7). 

Hepacic artery aneurysms are rare. 
Browning, Clauss and MacFee? in a recent 
report cz 2 cases stated that they found 121 
cases ir the medical literature. Their 2 
cases, 2 other cases reported since then, ^? 
the case of a child,? and the one case re- 
ported above bring the total to date to 
only 127. Notable reviews of the sub- 
ject!?15.30.40,45,.46.51 Indicate that males with 
hepatic artery aneurysms predominate at 
a ratio cf 3 to 1. The average age is thirty- 
eight vears. There also appears to be general 
agreement that the most common causes of 
hepatic artery aneurysms are infection 
(69 per zent), arteriosclerosis (22 per cent), 
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and trauma (10 per cent). The aneurysms 
may be intrahepatic or extrahepatic, the 
latter being more common and varying 
from a small size (a true aneurysm) to a 
huge (false type) hematoma. Both tend to 
be adherent to surrounding tissues by firm 
fibrous adhesions that compress the sur- 
rounding structures, especially the bile 
ducts. The majority of hepatic artery 
aneurysms are solitary; only in 11 instances 
were multiple aneurysms found. The 
hepatic artery itself rather than the 
branches is usually involved. 

Hepatic artery aneurysms, like all aneu- 
rysms, have a tendency to rupture. The 
peritoneal cavity is a favorite site, and 
sudden shock and death due to hemorrhage 
are common. Direct perforation into the 
duodenum and stomach has also been re- 
ported." ?*? Perforation may also occur 
into the biliary duct system and cause 
hematemesis or melena, or both. As a 
result, a triad of symptoms referable to 
hepatic artery aneurysms has become 
recognized. These are right hypochondriac 
pain, gastrointestinal hemorrhage, and 
jaundice due to pressure on biliary ducts. 
However, these too, are so nonspecific that 
they are of little value in the differential 
diagnosis. A pulsating right upper quadrant 
mass with a systolic bruit and enlargement 
of the liver are more valuable but rarer 
findings. About 36 cases of hepatic aneu- 
rysm have been diagnosed during life,?"! 
all, as in our case at exploratory laparot- 
omy. Accordingly, a high index of suspi- 
cion coupled with a contrast visualization 
study of the abdominal arterial tree prom- 
ises to be the most effective way of making 
the diagnosis. 

In our case (Fig. 4.7), a right upper 
quadrant calcification accurately localized 
the site of the arteriosclerotic hepatic 
aneurysm. The American® and French?! 
literature contains references to this sign. 
However, since calcification usually occurs 
only in the arteriosclerotic hepatic artery 
aneurysms and since these comprise only 
about one quarter of all aneurysms, it prob- 
ably is an uncommon finding. Bruwer and 
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Hallenbeck,‘ after retrospective study of a 
case, suggested that a filling defect in the 
duodenum may also be of diagnostic sig- 
nificance. In our patient, however, prob- 
ably because of the small size of the aneu- 
rysm, contrast duodenal studies were nor- 
mal. 

Recent accounts of survival following 
surgical correction of hepatic aneurysms 
indicate that a new era in treatment of this 
lesion has evolved.?1118-18.24,26.38 Indeed, 
excision of the celiac axis for repair of an 
hepatic artery aneurysm has been re- 
ported.!824 Similarly, excision of an arterio- 
sclerotic celiac artery aneurysm with anas- 
tomosis of the hepatic artery to the origin 
of the celiac axis was successfully per- 
formed by Schumacker and Siderys.“ Ac- 
cordingly, preoperative diagnosis is no 
longer of academic interest. In this con- 
nection, however, it must be mentioned 
that our patient with the arteriosclerotic 
aneurysm (Fig. 4, 4—C) had been asympto- 
matic during the four year period following 
its discovery at laparotomy. 

Although rare, aneurysms of the renal 
artery are being encountered more fre- 
quently. This is apparently due to the in- 
creasing use of aortography, especially in 
young hypertensives in order to deter- 
mine if there is a renal vascular cause for 
the hypertension. Harrow and Sloane!? 
in 1959 reported 5 new cases, reviewed the 
literature and pointed out that because of 
the use of aortography over one-third of 
the total of 180 cases of renal artery aneu- 
rysms had been reported within the six 
year period from 1951 to 1957. 

Ever since Renck's?? classic description 
of the roentgen appearance of calcified 
renal artery aneurysms, a signet-ring, halo- 
shaped calcification just medial to the renal 
pelvis has become established as pathogno- 
monic of the lesion (Fig. 5, 4 and B).3? 99 
This sign constitutes strong evidence for 
renal artery aneurysms, but only about 
25 per cent of the cases of renal artery aneu- 
rysms show this calcification. Harrow and 
Sloane”? recently found that 69 of the total 
180 cases reported in the literature had 
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been diagnosed because of the characteristic 
calcific ring shadow. Aortography, chiefly 
translumbar, established the diagnosis of 28 
of the 180 cases. 

In the absence of calcification, a renal 
artery aneurysm cannot be excluded and 
should be suspected when there is an un- 
explained deformity of a calyx (Fig. 64). 
Contrast aortography of the abdominal 
aorta either by the intravenous, retrograde 
or translumbar routes is clearly indicated 
in such cases, especially because, in marked 
contrast to the calcified aneurysms of the 
renal artery, the noncalcifed aneurysms 
have a tendency to rupture.!? Accordingly, 
here too, a high incidence of suspicion that 
a renal artery aneurysm is the cause of an 
unknown hypertension, poor or nonfunc- 
tioning kidneys, unexplained extrarenal or 
intrarenal noncalcified space-occupying 
lesions is necessary. 


DIFFERENTIAL DIAGNOSIS 


In cooperative patients, intravenous 
abdominal aortography may be expected 
to provide a highly satisfactory contrast 
study of the abdominal aorta and its 
branches (Fig. 7, 4 and B). However, in 
a recent case of a twenty-six year old 
woman with hypertension, the tortuosity 
of the splenic artery prevented adequate 
visualization of the left renal artery (Fig. 
8.4). Accordingly, percutaneous transfem- 
oral renal arteriography’? was performed 
with the patient in a slightly oblique posi- 
tion, and stenosis of the proximal portion 
of the left renal artery with poststenotic 
dilatation of the distal segment of the left 
renal artery (Fig. 8B) was demonstrated. 
Splenectomy followed by anastomosis of 
the splenic artery to the poststenotic seg- 
ment of the left renal artery resulted in the 
blood pressure returning to normal levels. 

Tortuous linear calcifications of the 
splenic artery in the left upper quadrant 
due to arteriosclerosis are readily differ- 
entiated from aneurysms of the splenic 
artery (Fig. 9) by the regular pattern of 
the calcifications. An echinococcus cyst 
may appear exactly like a splenic artery 
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aneurysm and be differentiated only when 
contrast materials fail to opacify it. In such 
an Instance intravenous abdominal aortog- 
raphy (Fig. 10) by failing to opacify the 
egg-shell calcification excluded an aneu- 


Vic. 7. Normai intravenous abdominal aortogram of a 
fifty year old man. (A) The normal abdominal 
aorta. (B) Enlarged (close-up) view of the celiac 
axis showing the splenic, hepatic and renal arteries. 


rysm. Rarely, splenic artery aneurysms 
may be confused with renal artery aneu- 
rysms, especially if calcific shadows are in 
the vicinity of the left kidney and there are 
complaints referable to the urinary system. 





ic. 8. Hypertension due to left renal artery stenosis in a twenty-six year old woman. (A) Intravenous abdominal 
aortogram showing tortuosity of the splenic artery obscuring the left renal artery (arrow). (B) Percutane- 
ous translumbar renal arteriogram disclosing the site of stenosis of the left renal artery (arrow) with post- 
stenotic dilatation of the distal portion of the renal artery. 


T118 Israel Steinberg, 


Fic. 9. Calcification and tortuosity of the splenic artery 
in a ninety year old physician. The regular, 
though dilated, caliber of the artery is charac- 
teristic of arteriosclerotic involvement of the 
splenic artery and should be differentiated from 
saccular aneurysms of the splenic artery. 


Usually, the larger size of the calcified 
lesion in the left upper quadrant (Fig. 3.7) 
is against it being due to a renal artery 
aneurysm. Here, too, intravenous aortog- 





Fic. 10. 


Egg-shell calcification in the left upper 
quadrant of the abdomen due to an echinococcus cyst 
(lower arrow) simulating a splenic artery aneurysm. 
Note the opacified tortuous arteriosclerotic ab- 
dominal aorta. The splenic artery is also markedly 
tortuous, but the egg-shell calcification is not 
opacified. Note also (upper arrows) the mediastinal 
(nonopacified) calcification due to a huge medi- 
astinal echinococcus cyst. 
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raphy readily established the diagnosis of 
splenic artery aneurysm, and operation 
proved it. 

Gallstones may be confused with hepatic 
and renal artery aneurysms. The char- 
acteristic appearance of a laminated gall- 
stone (Fig. 11) should not be difficult to 
recognize. Intravenous abdominal aortog- 
raphy in this patient was performed be- 
cause of hypertension. 

Admittedlv, intravenous abdominal aor- 
tography does not achieve the high degree 
of radiopacity produced by translumbar or 
retrograde aortography. However, the mor- 
biditv of the translumbar approach is 
probably greater than that of intravenous 
abdominal aortography in certain patients. 
For example, one patient (Fig. 12) was 
found to have a right renal artery aneurysm 
in the course of retrograde aortography, 
performed in order to locate the site of 
coarctation of the abdominal aorta. Demon- 





Vic. 11. Intravenous abdominal aortogram revealing 
a tortuous abdominal aorta. The left renal artery is 
hypoplastic and the left kidney is not opacified. 
A laminated gallstone in the right upper quadrant 
is easily differentiated from a right renal and/or 
hepatic artery aneurysm. 
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stration of the site of coarctation was suc- 
cessful, but a severe hypotensive reaction 
with renal shut-down following injection of 
diodrast almost fatal.!! Indeed, 2 
fatalities in patients with coarctation of 
the abcominal aorta and renal artery 
stenosis after retrograde catheterization 
have recently been reported.? Accordingly, 
it would appear that intravenous abdominal 
aortography in such cases mav be sufficient 
in estabashing the diagnosis of coarctation 
of the ebdominal aorta and renal artery 
stenosis without resorting to arterial cath- 
eterization. 


Was 


SUMMARY AND CONCLUSIONS 

A sigalficant advance in the diagnosis 
and differential diagnosis of aneurysms of 
the spleaic, hepatic and renal arteries has 
been achieved with intravenous abdominal 
aortogradhy. This consists of rapid, simul- 
taneous and bilateral injection of concen- 
trated contrast organic iodides and pre- 


lic. 12. Retrograde abdominal aortogram revealing a 
saccular right renal artery aneurysm in a twelve 
year old sirl with coarctation of the abdominal aorta. 
(Reprodaced with permission from Surg., Gynec. & 


Obst.) 
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cisely timed roentgenography. Inexpensive 
special needle-stopcock units, syringes and 
the use of apparatus ordinarily on hand for 
roentgen examination of the gastrointes- 
tinal or genitourinary systems make the 
procedure generally available and practical. 

In a series of 350 consecutive patients 
who had had intravenous abdominal aortog- 
raphy, 3 were found to have arteriosclerot- 
ic aneurysms of the splenic artery; one had 
an arteriosclerotic hepatic artery aneu- 
rysm. Two hypertensive patients had renal 
artery aneurysms. All the cases of splenic 
artery aneurysm exhibited the classic roent- 
gen features of arteriosclerotic artery aneu- 
rysms; namely, large, oval shaped, egg- 
shell caleifications in the left upper quad- 
rant. In one patient left upper quadrant 
calcifications were found during an inci- 
dental roentgen study of the abdomen. The 
second patient had vague epigastric dis- 
comfort. In the third, hematuria and the 
inability to dissociate the calcifications 
from the renal shadow made differential 
diagnosis more difficult. However, intra- 
venous abdominal aortography was de- 
finitive. Excision of the splenic artery and 
the aneurysm, and splenectomy were cura- 
tive in every case. 

An arteriosclerotic hepatic artery aneu- 
rysm, found in one case during exploratory 
operation, was definitively diagnosed four 
vears later by intravenous abdominal 
aortography. Excision of the aneurysm was 
not advised because of the asymptomatic 
state of the patient and because of ad- 
vanced arteriosclerotic changes in the rest 
of the abdominal aorta. 

A signet-ring calcification in the hilus of 
the right kidney in one case was strong 
evidence for the diagnosis of a renal artery 
aneurysm even though intravenous ab- 
dominal aortography failed to opacify the 
lesion. The diagnosis was confirmed at 
operatior, but nephrectomy was not done 
because of severe abdominal aortic en- 
darteritis with left renal artery and kidney 
disease. In this case, the relentless progress 
of the hypertension was not altered. In 
contrast, another patient with a saccular 
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aneurysm of the right renal artery, re- 
vealed by intravenous abdominal aortog- 
raphy, had excellent kidney function and 
a normal renal arterial blood supply in the 
opposite kidney. Nephrectomy resulted in 
the patient becoming normotensive. 

Intravenous abdominal aortography is 
also important in the differential diagnosis 
of aneurysms from other lesions of the 
abdominal aorta and its branches. Failure 
to opacify calcified or egg-shell lesions 
which mimic splenic or renal artery aneu- 
rysms is good evidence against the diag- 
nosis of aneurysm. Occasionally, a throm- 
bosed aneurysm will fail to opacify. How- 
ever, its proximity and relationship to the 
opacified vessel will allow proper diagnosis. 
Gallbladder, intrahepatic and renal stones 
may often be readily identified on contrast 
studies of the gallbladder and genitourinary 
system; calcified echinococcus cysts, mesen- 
teric lymph nodes and pancreatic stones 
may prove more difficult to differentiate 
from the calcifications of aneurysms. Fail- 
ure to opacify such lesions by aortography, 
of course, excludes aneurysms. Although 
aortography may also fail to opacify calci- 
fied and thrombosed renal artery aneu- 
rysms, fortunately, in such instances, the 
characteristic signet-ring (halo) calcifica- 
tion, located in the hilus of the kidney, is 
of great significance. 

Finally, intravenous abdominal arterio- 
graphy cannot always be relied upon to 
exclude renal arterial stenosis. These cases 
may probably be better evaluated by per- 
cutaneous transfemoral renal arteriography 
or translumbar arteriography. 

Israel Steinberg, M.D. 
The New York Hospital—Cornell Medical Center 


525 East 68th Street 
New York 21, New York 


The authors are grateful to Drs. S. W. 
Moore and Victor F. Marshall who respec- 
tively gave permission for publication of 
the operative photographs (Fig. 3E and 
5D). 

ADDENDUM 
Since this paper was submitted for pub- 
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lication, J. A. Spittel, J. F. Fairbairn, 
O. W. Kincaid and W. H. ReMine have 
reviewed the experience in 15 cases of 
splenic artery aneurysm at the Mayo Clinic 
(F.4.M.A., 1961, 175, 452—456). They, too, 
stress the importance of aortography in 
diagnosis. 
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EDEMA OF THE INTERURETERIC RIDGE—A 
USEFUL ROENTGEN SIGN* 


By CARL P. WISOFF, M.D., and REZA PARSAVAND, M.D. 
NORFOLK, VIRGINIA 


, | ‘HE purpose of this paper is to call 


attention to edema of the interureteric 
ridge of the urinary bladder as a useful 
finding in roentgen diagnosis. The usual 
cause for the edema is a stone that has 
become impacted in the distal ureter or has 
recently passed through the ureteral orifice. 

In 1648, Edling! reported his observa- 
tions o the interureteric ridge. He de- 
scribed its normal appearance and the 
changes seen on 135 consecutive urograms 
of patients who had symptoms of ureteral 
calculi. He recorded the distinct bowed 
contour, continuous and cephalically con- 
cave, of the normal interureteric ridge. The 
distance between the ureteral contrast and 
the craaiad contour normally was 2 to 3 
mm., using a 15° caudocephalad projection 
of the roentgen-ray beam with the patient 
in the sapine position. 

In more than half of Edling’s series the 
interureteric ridge was demonstrated. 
Swelling of the affected side of the interure- 
teric ridge was present in 37 cases in which a 
ureterovesical calculus was seen. In 4 cases 
without visible stones the swelling was 
attributed "to a recently passed or non- 
opaque calculus. 

In 1c54, Filho? discussed this sign and 
noted that swelling of the interureteric 
ridge subsided within forty-eight hours 
after passage of the ureterovesical calculus. 

We have studied 125 unselected consecu- 
tive intravenous pyelograms in an attempt 
to determine the incidence of visualization 
of the iaterureteric ridge, the frequency of 
edema and the value of this sign in the 
diagnosis of ureteral calculus. The duration 
of the edema after the stone passed, the 
length of time required to develop the 
edema, and other factors, both anatomic 


and pathologic, that might simulate edema 
of the ridge were also studied. 


MATERIAL AND METHCDS 


Following the intravenous injection of 
30 cc. of 5o per cent hypaque, two pyelo- 
grams were made at ten minutes, one with 
and one without ureteral pressure, in the 
anteroposterior projection. A posteroan- 
terior roentgenogram was made at fifteen 
minutes. A coned anteroposterior bladder 
roentgenogram was made without angula- 
tion at twenty minutes. All the roentgen 
studies were made at a 40 inch distance. 

The sexes were equally distributed in 
series of 125 patients, and the ages ranged 
from two to eighty-seven years. The mean 
age of the 105 cases in which this informa- 
tion was recorded was forty-five vears. 

Measurements of the interuceteric ridge 
were made from the bottom of the intra- 
mural portion of the ureter filled with 
contrast material to the nearest point of the 
roof of the interureteric ridge. The roof is 
seen as an opaque caudally convex struc- 
ture above the lucent band cf the ridge. 
When the ureter was not visible, the thick- 
ness of che band of lucency was measured. 
These points were often indistinct, so the 
measurements are not consicered to be 
precise. From the point of view of estab- 
lishing the normal measurements, however, 
this is not important because, in pathologic 
states, the deviations from normal were 
quite distinct. 


RESULTS 


The mterureteric ridge could be seen in 
45 of the 125 pyelograms (36 per cent). In 
the 36 normal cases in which it was measur- 
able, it averaged 5 mm., with a normal 


* From tae Department of Radiology of the Norfolk General Hospital, Norfolk, Virginia. 
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Fic. 1. H. M., a twenty-eight year old white male, 
had an acute onset of right flank pain and micro- 
scopic hematuria. The roentgenogram demon- 
strates calculus (lower arrow) and edema of the 
right interureteric ridge (upper arrows). 


range of 2 tog mm. There were 12 patients 
with a ureterovesical stone or who had just 
previously passed a roentgenologically veri- 
tied calculus. In 2 of these the ridge was not 
seen well enough to be evaluated; 8 showed 
edema of the ridge (Fig. 1, 2 and 3); and, in 
the remaining 2, in whom the studies were 
made five and seven days, respectivelv, 
after passage of the stones, there was no 
evidence of either calculus or edema. In all 
the cases with edema there was some reten- 
tion of the contrast medium 1n the affected 
renal collecting system or complete absence 
of function on the affected side. 





Fic. 2. J. G., a fifty-nine year old white male, had 
severe pain in the left lumbar region radiating to 
the left scrotum, and microscopic hematuria; a 
stone was passed spontaneously. The roentgeno- 
gram demonstrates edema of the interureteric 
ridge and partial ureteral obstruction. 


Fic. 5. P. C., a thirty-two year old white male, had 
severe pain in the right flank associated with 
frequency and microscopic hematuria; a stone was 
passed spontaneously. The roentgenogram indi- 
cates increased obliquity of the upper border of 
the interureteric ridge (arrows) associated with 
edema. 


There was no difference in the sex distri- 
bution of those cases in which the ridge was 
visualized. This is contrary to Edling's 
results in which males predominated. 

'The bladder size, measured on the uro- 
grams, was graded from 1+ to 3+ in 83 
cases. In 28 of these in which the ridge was 
visible, 19 were graded 1+ or 2+; of the 
remaining 55 in which the ridge was not 
visualized, 32 were so rated. This would 
appear to indicate that the ridge was visible 
relatively more often in those bladders that 
were not grossly distended. The impression 
was gained, confirming Edling's observa- 
tions, that bladder distention was a signifi- 
cant factor in the failure of visualization of 
the interureteric ridge. 


ROENTGEN ASPECTS OF THE 
URINARY BLADDER 


The urinary bladder may present in the 
anteroposterior projection a number of 
different aspects. One may not see the 
interureteric ridge if the bladder is too 
distended or dilated. With the patient 
supine, stereoscopic and lateral cross-table 
roentgenograms show that the roof above 
the interureteric ridge represents the fundus 
of the bladder folded posteriorly over the 
relatively fixed trigone. The posteroanterior 
roentgenogram was of no assistance in the 
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visualization of the ridge in any instance. 
Oblique roentgenograms, in the few cases 
studied using this projection, showed the 
same findings as the anteroposterior roent- 
genograms. The opaque roof of the ridge 
may be confused with the edge of the over- 
lving sacrum. The lucent interureteric ridge 
may be mimicked by an indentation of the 
inferior wall of the bladder which also casts 
a lucent shadow; however, it has a caudally 
concave lower border as compared to the 
convex shadow of the interureteric ridge 
and it a ways is lower in position (Fig. 4). 
Occasionally, the ridge may not be visual- 
ized on one examination and may be visible 
on anotaer, but generally the findings are 
consistent on all examinations of the same 
patient. 

When edema of the interureteric ridge is 
present, the atfected side casts a radiolucent 
shadow ranging in size from g to 18 mm. 
Even mere important than the width of the 
ridge for the recognition of edema is the 
alteration in the downward convexity on 
the affected side. Flattening and sometimes 
even concavity of the roof on the affected 
side mav be quite striking. A unilateral 
radiolucent shadow in the region of the 
interure-eric ridge may be caused by a 
ureterocele filling very slowly with contrast 
medium (Fig. 5). This type of defect is 
usually sharper in outline than edema of the 
ridge. It may not be accompanied by ap- 





Fic. 4. The radiolucent ridge (arrows) represents an 
indentation of the inferior wall of the bladder. 
This may be confused with the interureteric ridge 
when the lower ureters are not visualized. 


Edema of the Interureteric Ridge 
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Fic. 5. J. H., a thirty-five year old white male, had 
pain in the left lower quadrant of the abdomen 
and microscopic hematuria. The roentgenogram 
demonstrates a ureterocele. 


preciable dilatation of the upper urinary 
tract. 

On occasion, extrinsic pressure from a 
distended intestine or from an adjacent 
mass lesion may cause widening of the ridge 
simulating the edema sign (Fig. 6). Carci- 
noma usually has sharper and often ragged 
edges. 

DISCUSSION 

The interureteric ridge was observed in 
36 per cent of this series of 125 routine, 
unselected pyelograms. It was sometimes 
difficult to measure the ridge because the 





Vic. 6. E. M., a forty year old Negro female, had a 
palpable mass in the pelvis. The rcentgenogram 
demonstrates extrinsic pressure on the bladder 
simulating edema or ureterocele. A übroid tumor 
was removed and subsequent roentgen studies 
showed a normal appearing bladder. 
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roof could not be clearly seen or the distal 
end of the ureter was not filled with the 
medium. When the roof cannot be visual- 
ized the ridge cannot be measured or evalu- 
ated. In all the cases in which the ridge was 
visible and a calculus was present, the 
edema sign was evident. 

The development of edema is probably 
rapid, since most of the roentgenograms 
demonstrating it were made shortly after 
symptoms began. However, we could not 
be certain how long the calculi were at the 
ureterovesical junction before the onset of 
edema. In 2 cases the edema subsided 
within a week; therefore, the edema sign 
would probably not be evident more than 
five days after passage of a stone. 

The edema was always accompanied by 
other evidence of ureterovesical obstruction 
in the upper collecting system, such as 
hydronephrosis, a nephrogram or nonfunc- 
tion. Hence, as an indication of uretero- 
vesical calculus, it merely complements 
these other findings. The sign of edema of 
the ridge is most useful in the case where 
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there is obstruction at the ureterovesical 
junction but where no calculus is seen. In 
these cases, the presence of edema would 
contraindicate a diagnosis of stricture, 
ureterocele, a fibrous band or carcinoma. 


SUMMARY 


Pyelograms of 125 consecutive cases 
were reviewed. An interureteric ridge was 
seen in 36 per cent. Edema of the interu- 
reteric ridge was observed in all cases of 
impacted or recently passed stones in which 
the ridge was visualized. This is a useful 
roentgen sign, particularly in the patient 
who has ureterovesical obstruction without 
a visible calculus. 


Carl P. Wisoff, M.D. 
Norfolk General Hospital 
Norfolk 7, Virginia 
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CHANGES IN HUMAN RED BLOOD CELLS DURING 
.N VITRO EXPOSURE TO SEVERAL ROENT- 
GENOLOGIC CONTRAST MEDIA* 


By HUGH CHAPLIN, Jr., 


M.D., 


ST. LOUIS, MISSOURI 


HE dangerous reactions which are some- 

times observed following intravascu- 
lar administration of roentgenologic con- 
trast media are poorly understood. In a 
recent review of the problem, Read! has 
pointed out that the mortality following 
cardioangiography and arteriography is 
very much higher than for roentgeno- 
graphic »rocedures in which the contrast 
medium s administered into a peripheral 
vein. He reports animal experiments de- 
signed tc studv the direct effects that con- 
trast media might have upon the blood 
itself anc upon the vessels into which it 
flows before appreciable dilution has been 
effected oy mixing within the circulation. 
Read plzces considerable emphasis upon 
the red Hood cell “agglutination” that was 
observed microscopically in the small 
vascular channels close to the site of injec- 
tion, and he suggests that this “agglutina- 
tion” mzy be of major importance in the 
etiology of some of the serious clinical 
reactions. 

The purpose of the present investigation 
has been -o study zz vitro some of the effects 
of various contrast media upon the human 
red blooc cells. The report includes observa- 
tions on he size, shape and agglutinability 
of red bl»od cells, penetration of contrast 
medium across the red blood cell mem- 
brane, aad indications of red blood cell 
damage es evidenced by zz» vitro hemolysis 


and by impaired 77 vivo red blood cell 
survival. 
METHODS 
Contra.t Media. Four contrast media* 


were stucied: 


* ; Manufactared by the Mallinckrodt Chemical Works. 


and ERIK CARLSSON, M.D. 

Brand Name Compositien 
urokon sodium acetrizoate 
miokon sodium diprotrizoate 


hypaque sodium and N-meth»! diatrizoate 


ditriokon sodium diatrizoate 
sodium diprotrizoate 

“triple medium" sodium acetrizoate 
sodium diprotrizoate 


sodium and N-meth»l diatrizoate 


The “triple medium" was compounded by 
the authors for comparative in vitro tests 
(see Fig. 4) and consisted of ucokon, hy- 
pague and miokon in final concentrations of 

3 per cent, 25 per cent and 23.5 per cent, 
respectively. 

Norma! red blood cells were obtained from 
laboratory personnel known to be free from 
hematolozic disease. Freshly drawn blood 
was either defibrinated with glass beads, or 
placed directly into acid citrate dextrose 
anticoagulant solution (ACD, U.S.P. For- 
mula A). Unless otherwise stated, the blood 
was used within 24 hours of procurement. 

Hemogicbhin concentration of whole blood 
was determined as cyan-hemoglobin, ac- 
cording to Drabkin.’ The hemoglobin con- 
centrations in plasma or in saline wash 
solutions were determined by the method of 
Crosby and Furth’ for levels greater than 4 
mg. per 100 ml., and by the method of 
Hanks e a/.° for levels below 4 mg. per 100 
ml. It was previously determined that 
hemoglobin measurement by these methods 
was unaffected by the presence of contrast 
media in the solution to be tested. 

Hematecrits on mixtures of red blood cells 
and contrast media were determined 


* From the Division of Hematology, Departments of Medicine and Preventive Medicine, Washington University School of Medicine, 


and the Malizickrodt Institute of Radiology, St. Louis, Missouri, 
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microhematocrit tubes (75X1.5 mm.), 
centrifuged for § minutes at 12,000 r.p.m. 
(approx. 9,000 g. to the midpoint of the 
hematocrit tube) in an International Cen- 
trifuge, model 275. Hematocrits on blood 
samples obtained during blood volume 
measurement were determined in Wintrobe 
tubes centrifuged for 55 minutes at 2,200 
r.p.m. in a centrifuge of radius 25 cm. to the 
bottom of the centrifuge cups. 

Mean corpuscular hemoglobin concentra- 
tion (M.C.H.C.) was calculated in the 
usual manner, 


M.C.H.C.= hemoglobin, gm. per 100 ml. X 100 





vol. packed red cells, ml. per 100 ml. Í 


based on duplicate determinations of hemo- 
globin concentration and of hematocrit. 
Elevation in M.C.H.C. following exposure 
to hypertonic solutions was attributed to 
loss of intra-erythrocyte water. 

Osmolarity was determined employing a 
Fiske osmometer. All samples were meas- 
ured after appropriate dilution to provide 
levels of approximately 300 m.osm./per kg. 
of H,O. 

Specific gravity of concentrated solutions 
of contrast media was determined by tripli- 
cate weighing of accurately measured 5 ml. 
volumes and comparison against distilled 
water weighed under identical conditions. 

Quantitative Measurement of Intracellular 
Penetration of Contrast Medium. Six 12 ml. 
aliquots of fresh defibrinated blood were 
centrifuged for 1 hour at 2,200 r.p.m.; the 
supernatant plasma and upper red blood 
cell layers were aspirated so as to leave 5.0 
ml. of packed red blood cells remaining in 
each tube. Under these conditions it is 
known? that trapped saline makes up «2 per 
cent of the packed cell mass. Sufficient I 
tagged urokon* was added to each of three 
urokon solutions (final urokon concentra- 
tions 2 per cent, 10 per cent, 20 per cent) to 
provide a convenient counting rate. To each 
of two tubes containing 5 ml. of packed red 
blood cells was added 5 ml. of a tagged 


urokon solution. The contents were thor- 


* Supplied by Abbott Laboratories. 
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oughly mixed; after room temperature 
incubation of one tube for 5 minutes, the 
other for 30 minutes, aliquots were removed 
for measurement of hemoglobin and hema- 
tocrit and the tubes were centrifuged for 40 
minutes at 2,200 r.p.m. The penetration of 
urokon into the cells was determined from 
the decrease in radioactivity of the super- 
natant fluid obtained after centrifugation 
compared with the original urokon solution. 
Appropriate corrections for the shift of 
water out of the cells were made on the 
basis of M.C.H.C. values determined on the 
original red blood cells and on the aliquots 
removed after the 5 and 30 minute periods 
of incubation. Intracellular water was 
assumed to equal 65 per cent of the true 
original red blood cell mass. Radioactivity 
was measured in a well-type scintillation 
counter. 

In vivo red cell survival was determined 
using Cr®, essentially as described by 
Ebaugh and co-workers.? After exposure for 
30 minutes to so uc of Cr as sodium 
chromate, tagged normal red blood cells 
were incubated with the contrast media and 
then washed three times with 20 volumes of 
saline. Ten milliliters of tagged red blood 
cell suspension were injected from a cali- 
brated syringe. Expected immediate 100 
per cent survival was estimated as: 


expected counts per ml. of recipient’s blood 
total counts injected 


^. blood volume (ml.) 





Plasma volume was measured by the Evans 
Blue dye method, and blood volume calcu- 
lated employing the hematocrit corrected 
for plasma trapping and for the body/ve- 
nous hematocrit ratio. 


RESULTS 


Gross Obseroations. When a volume of 
whole blood was mixed with an equal vol- 
ume of any of the four concentrated (¢.g., 
7o per cent) contrast media, there was no 
immediate aggregation of red blood cells 
visible grossly or microscopically. However, 
after the mixture had stood undisturbed for 
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several minutes, aggregates of red blood 
cells were observed in the film of blood on 
the wall of the tube above the fluid level. If 
the mixture was allowed to stand undis- 
turbed for periods up to 1 hour, the clumps 
of red blood cells increased in number and 
in size. Mixing of the contents by repeated 
inversioa of the test tube caused rapid 
dispersion of the red blood cell aggregates. 
When the mixtures were centrifuged after 
varying intervals of incubation, the red 
blood cells migrated to the top of the fluid 
layer and adhered together in a “slime” 
which broke up into smaller aggregates 
followinz vigorous remixing (Fig. 1). Pro- 
gressive y severe hemolvsis was observed in 
the underlying fluid following centrifuga- 
tion, depending on the length of incubation 
of the mixtures. The spontaneous aggrega- 
tion of red blood cells was independent of 
the presence of plasma and could be largely 
prevented by repeated slow inversion of the 
tube during the first 5 to 10 minutes follow- 
ing addition of the blood to the contrast 
medium. Spontaneous clumping of red 
blood cells did not occur during subsequent 
undisturbed incubation, but comparable 
hemolysis was observed after centrifugation 
of the mixtures, and the centrifuged red 
cells formed an overlying “slime,” as previ- 
ously. Ir therefore appeared that spontane- 
ous aggregation of red blood cells was 
favored if they were left undisturbed im- 
mediately following contact with high 
concentrations of contrast medium, pre- 
sumably during the period of acute changes 
in the cells’ size and surface properties. 
Once tbe red blood cells achieved a rela- 
tively “steady state,” the forces of mutual 
attraction were greatly diminished and 
were manifested only when the red blood 
cells were brought into close contact by 
centrifuzal force. The phenomenon of red 
blood cell lysis was largely independent of 
the aggregation, since it was of comparable 
severity in mixtures in which clumping was 
prevented by gentle motion of the test tube. 

Microscopic Observations. Immediately 
upon exposure to high concentrations of 
contrast medium, the red blood cells exam- 


Changes in Human Red Blcod Cells 





Fic. 1. Red blood cell aggregation following exposure 
to concentrated contrast medium. The red blood 
cells in the upper tube were exposed to urokon, 
centrifuzed lightly and resuspendec by inversion 
of the tube. Note the irregular cellular aggregates; 
the gray background is in part due to hemolysis. 
Evenly dispersed control cells suspended in saline 


are shown in the lower tube; the clezr background 
indicates absence of hemolysis. 


ined in a free drop of fluid lost -heir bicon- 
cave shape and appeared initially as flat 
irregular plates or small dense spheres. 
When examined in a thin layer under a 
glass cover slip, all of the cells appeared as 
small dense spheres. After a sufficient 
period of exposure, hemolysis of cells oc- 
curred as evidenced by rapid fading of the 
cell color, leaving a faintly visible shrunken 
ghost. When an aggregate of adherent red 
blood cells was examined in a tree drop of 
contrast medium, large numbers of cells 
were seen congregated together in tan- 
gential contact, but without the close ap- 
proximation of cell walls and without the 
cellular distortion characteristic of im- 
mune agglutination. There was no rouleau 
formation. The application of a glass cover 
slip caused complete dispersion of all but 
the largest aggregates, indicating the weak- 
ness of the forces responsible for the ag- 
gregation. When red blood cells were ex- 
posed to solutions of NaCl, Na;CsH;O; or 
dextrose of osmolarities equivalent to the 
concentrated contrast media, entirely sim- 
ilar changes in cell size, shape and proper- 
ties of adherence were observec, but with- 
out significant hemolysis, even when ex- 
posure was extended over a period of 
several hours. 

Reversibility of Morphologic Changes. 'The 


1130 


concentrated contrast media were removed 
by washing the red blood cells three times 
in 20 volumes of isotonic sodium chloride 
solution. 
cells occurred during the first two washes, 
diminishing with the third wash (see ahead 
for quantitation of hemolysis). When the 
washed cells were resuspended in their 
native plasma, most of them regained their 
original size and biconcave shape and 
formed rouleau normally. However, the 
longer the period of exposure to the con- 
centrated contrast media, the greater the 
number of cells which remained as small 
dense refractile spheres, suggesting ir- 
reversible damage. 

Agglutinability of Cells. On several occa- 
sions, red blood cells from a group Ai donor 
were exposed for various periods to con- 
centrated contrast media, then washed 
three times, and the recovered cells made 
up to an accurate 2 per cent suspension in 
saline and compared with a 2 per cent 
suspension of unexposed cells against 
multiple dilutions of an anti-À serum. 
There was no evidence of impaired ag- 
glutinability of the recovered cells (a 
representative result is shown in Table 1). 

Quantitative Evidence for Cell Shrinkage. 
Five milliliter volumes of packed washed 
red blood cells were mixed with equal vol- 
umes of I4 per cent, 20 per cent and 26 
per cent solutions of urokon. Samples were 
removed for duplicate hemoglobin and 
microhematocrit determinations after 5, 
15 and 30 minutes of incubation. Progres- 
sive shrinkage of the red blood cells was 
observed as indicated by the rises in mean 
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RED BLOOD CELL SHRINKAGE DURING EXPOSURE 
TO CONTRAST MEDIUM 








M.C. H.C C. * dem dino after 














Concentration incubation 
of Urokon | ————————7"7]9——— — 
Control § min. 15 min. 30 min. 
27 c 33 Pl 

14% 32.8 33.8 35.4 

67. "3 T 

2076 32.8 34-2 35.3 40.5 

26% 32.5 35.8 40.0 42.6 


* Mean corpuscular hemoglobin concentration. 
g 


corpuscular hemoglobin concentration 
(M.C.H.C.) shown in Table u. Attempts 
to extend these observations to higher con- 
centrations of the contrast medium were 
frustrated by the high density of the me- 
dium, which prohibited satisfactory sedi- 
mentation of the red blood cells by centrifu- 
gation. However, Figure 2 indicates that 
similar changes occurred in red blood cells 
exposed to somewhat higher concentra- 
tions of contrast media. Initially the red 
blood cells (specific gravitv approximately 
1.095) floated on top of the media. How- 
ever, during incubation, loss of water from 
the red blood cells due to osmotic shrinkage 
resulted in increased cellular specific grav- 
ity and decreased specific gravity in the 
suspending medium, which favored an in- 
creasing number of cells being driven to 
the bottom of the hematocrit tube by 
centrifugal force. The calculated changes 
in intracellular and extracellular specific 
gravities occurring in response to the shift 
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AGGLUTINABILITY OF RED BLOOD CELLS AFTER EXPOSURE TO CONTRAST MEDIUM 











Dilutions of Anti-A Serum 











1/1 1/2 1/4 1/8 1/16 1/32 1/64 1/128 
A; control cells 4 4 4 374 3 2 I + 
Ay cells recovered iter: exposure to 40% 
urokon for 40 minutes 4 4 4 374 3 2-3 I I 
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CONTRAST MEDIUM 





{290m.osm. , 


DITRIOKON 
39% 






1120 m. osm. 


HYPAQUE 
41% 


1000 m.osm. 





Fig. 2 
media. Blocks are diagrammatic representations of hematocrit tubes following centrifugation at 9,000 g. 
Note tuat following short periods of incubation the centrifuged red blood cells remain near the top of the 
tube; as the incubation period is prolonged, increasing numbers of cells can be centrifuged to the bottom of 
tube. The gray background represents increasing hemolysis with longer periods of incubation. 


of water out of the cells were insufficient to 
account for the successful sedimentation 
of red beood cells in the relatively high con- 
centrations of contrast media. It therefore 
seemed likely that some of the relatively 
heavy contrast medium had penetrated 
inside tae cells. 

Evidence that Urokon | Penetrates Red 
Bloed Cells. Fresh red blood cells were in- 
cubated for 45 minutes with equi-osmolar 
solutions of urokon, sodium chloride (a 
penetrating salt), trisodium citrate (a non- 
penetrating salt) and dextrose (which 
penetrates the red blood cell membrane, 
but doe: not come to complete equilibrium 
at high dextrose concentrations). The re- 
sults, summarized in Table rr, illustrate 
that the highest M.C.H.C. (44.6 per cent), 
indicatiag the greatest red blood cell 
shrinkage, was observed in the solution 
containmg the citrate ion, to which the 
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INCUBATION PRIOR TO CENTRIFUGATION 





IIjI 













. Selimentation of red blood cells by centrifugation after increasing periods of exposure in three contrast 


red blood cell membrane is impermeable. 
By contrast, the shrinkage of red blood 
cells in the solution containing urokon 
resembled that observed in the solutions 
containing the penetrating dextrose mole- 
cule and chloride ion. 

Quantitative measurement of penetra- 


Tase III 


SHRINKAGE OF RED BLOOD CELLS FOLLOWING 45 
MINUTES INCUBATION IN FOUR 
HYPERTONIC SOLUTIONS 








Osmolarity 





A * 
(m.osm. MCHC. 
/kg.H:0) (per cent) 
20% urokon 630 35.6 
1.84% NaCl 630 35.7 
10.8% dextrose 630 34.9 
6.56% Na3CsH;O;: $1H;O 


630 44.6 





* Mean corpuscular hemoglobin concentration. 
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Tasie IV 


PENETRATION OF UROKON ACROSS THE RED 
BLOOD CELL MEMBRANE 





Ratio 
I.U.C. 
/E.U.C. 








(min.) 





0.139 
2% urokon 


0.156 


0.332 





10% urokon 
0.358 





0.402 

















20% urokon 


30 6.6 14.3 0.462 


tion was accomplished employing I! 
tagged urokon, as described in detail 
under Methods. Observations were made 
after 5 and 30 minutes’ incubation of 
red blood cells in final urokon concentra- 
tions of 2 per cent, Io per cent and 20 per 
cent. The results are summarized in Table 
Iv, where it is evident that the contrast 
medium penetrated into the red blood cells 
and that most of the penetration occurred 
within the first 5 minutes of exposure. The 
0.139 and 0.156 ratios of intracellular and 
extracellular urokon concentration at an 
initial urokon concentration of 2 per cent 
indicate the maintenance of a steep 
gradient across the cell membrane; the 
higher ratios (0.332 and 0.402) obtained 
with the 1o per cent and 20 per cent con- 
centrations of urokon may be indicative of 
progressive red blood cell damage. No at- 
tempt was made to extend these studies to 
urokon concentrations higher than 20 per 
cent because of the difficulty of accurate 
determination of M.C.H.C. at the high 
specific gravities of the more concentrated 
urokon solutions, and because gross hemo- 
lysis indicated profound cellular damage. 
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The red blood cells exposed to 10 per cent 
tagged urokon were subsequently washed 
three times with untagged Io per cent 
urokon. Considerable exchange of the in- 
tracellular tagged urokon occurred during 
the washing procedure, but at the conclu- 
sion of the third wash it was determined 
that the intracellular concentration of 
urokon I!3! was three times greater than in 
the supernatant wash solution. 

Quantitation of Hemolysis. When red blood 
cells were exposed to high concentrations of 
contrast media, increasing hemolysis oc- 
curred with increasingly long periods of 
exposure. When the red blood cells were 
replaced in a physiologic medium (e.g., 
plasma, or 0.85 per cent NaCl), further 
hemolysis occurred. To illustrate the ex- 
tent of the hemolysis, packed washed red 
blood cells were incubated with an equal 
volume of contrast medium for 40 minutes, 
then washed three times with 20 volumes of 
0.85 per cent NaCl solution. The total free 
hemoglobin in each wash solution was 
measured and expressed as a percentage 
of the total hemoglobin present in the 
original intact red blood cell mass. In 
Figure 3, three contrast media adjusted 
to the same osmolarity (1830 m.osm./kg. 
H,O) are compared with equi-osmolar 


UROKON 
1830 m.oem. 
30 


HYPAQUE ~ 3rd Wosk 
{830 mosa -2nd Wosh 


-4st Wash 
| DITRIOKON 
IB30m oem. 
lo | 


o Lt 


fo 
o 


PERCENT HEMOLYSIS 





No,CgHs0, DEXTROSE 
I8350mosr, 1830m oun 
r2 rr. 








NaCl 
1850m oer 





Fic. 3. Hemolysis following 40 minutes exposure to 
equi-osmolar solutions. The hemoglobin present 
in each wash solution 1s expressed as a per cent 
of the total hemoglobin present in the original red 
blood cell mass. There was so little hemolysis fol- 
lowing exposure to equi-osmolar solutions of NaCl, 
Na;CsHiO; and dextrose that the results of three 
washes were combined in drawing the three blocks 
on the right. 
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solutioas of NaCl, Na,C,H;O; and dex- 
trose. Evidently, hee are substantial dif- 
ferences between contrast media as to their 
ability to damage red blood cells as mani- 
fested oy hemolysis (compare urokon and 
ditriokon). Furthermore, the hemolvtic 
effect i much in excess of what could be 
attribuzed to their hypertonicity; for 
minimel hemolysis occurred when red 
blood -ells were cs to equi-osmolar 
solutioas of NaCl, Na,C,H;O; and dex- 
trose. in Figure 4, similar observations are 
recorded for urokon, ditriokon and hy- 
paque in concentrations supplied fcr use 
in clinzal angiography. In addition, there 
are shewn the effects of 70 per cent nikon 
(usually supplied as a ṣo per cent so_ution 
because of its relative insolubility). On the 
extreme NM is shown a “triple medium" 

composed of urokon, hypaque and miokon 
in fina ppeeniratyins of 23.3 per cent, 
25 per zent and 23.3 per cent, respectively. 
When the te nedum and ditriokon 
(which is a combination of hypaque 36.7 
per ceat and miokon 31.4 per cent) are 
compa ed with urokon, it 1s apparent that 
hemolwsis may be diminished. in the pres- 
ence ct combinations of organic iodide 
compoands, where no single compound is 
presen: in very high concentration. Finally, 

Figure 5 illustrates the extent to which 
hemolysis is dependent on the concentra- 
tion of the contrast medium. Less than § 


š 
© 





r ] }-3rd Wosh 
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2 | t 70% 
HN | MICKON 
60r i 13930mosm 
= | | HE DITRIOKON 
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Fic. 4. Bemolvsis following 40 minutes exposure to 
concertrated contrast media. The relatively small 
amourt of hemolysis observed with the "triple 
medm (which contains 23.3 per cent vrokon, 

; per cent miokon and 25 per cent hypaque) 

may iE a less damaging effect of combined 

in which no single medium is 
preserx in high concentration, 
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o 


PERCENT HEMOLYSIS 
5 
o 


20 





10 20 30 40 50 60 
PERCENT CONCENTRATION OF UROKON 


Fic. §. Relation of hemolysis to concentration of 
urokor. Points on the curve represent the com- 
bined hemolysis occurring in three washes follow- 
ing 40 minutes exposure to urokon. 


per cent hemolysis occurred after 40 
minutes of exposure to 33 per cent urokon, 
but hemolvsis exceeded 80 per cent after 
comparable exposure to $0 per cent urokon. 

The extent to which hemolysis occurs 
following the clinical use of concentrated 
contrast media must be very small. On 
four occasions, samples of venous blood 
were collected within 20 minutes of com- 
pletion of clinical angiographic studies, 
and in no instance did the plasma hemo- 
globin concentration exceed 0.7 mg. per 
100 ml. These findings indicate negligible 
intravascular ervthrocyte destruction (7.e., 
certainly less than 0.2 25 ml. of red blood 
cells).* 

Effect of Urokon on Red Blood Cell Viabil- 
ity. Nermal red blood cells tagged with 
Cr?! were exposed to 45 per cent urokon for 
I minute on one occasion and for 45 min- 
utes on another occasion; thereafter they 
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45 Minutes 


[e] 10 20 
DAYS AFTER INFUSION 


Fra. 6. In vivo survival of red blood cells recovered 
after exposure to 45 per cent urokon. During ex- 
posure and three subsequent saline washes prior 
to undertaking the in vivo survival studies, there 
was approximately 10 per cent hemolysis of the 
cells exposed to urokon for 1 minute and 50 per 
cent hemolysis of cells exposed to urokon for 45 
minutes. 


were washed 3 times with saline, resus- 
pended in plasma and reinjected into the 
original donor (see Methods). The cells 
exposed to urokon for only 1 minute under- 
went approximately 10 per cent hemolysis 
prior to injection (£e., during exposure 
and washing), as compared to approxi- 
mately 5o per cent hemolysis of the cells 
exposed for 45 minutes. The im vivo sur- 
vivals of the injected cells are shown in 
Figure 6. Evidently there was no serious 
damage to the cells which were not hemo- 
lyzed during 1 minute’s exposure to 
urokon and the subsequent washing pro- 
cedure; they exhibited the expected 100 
per cent immediate survival, and the Cr"! 
'T4 followed over the succeeding 13 days 
was entirely normal (34 days). However, 
of the injected cells recovered after ex- 
posure to urokon for 45 minutes only 73 
per cent were present in the circulation 10 
minutes after injection, 58 per cent three 
hours after injection and 43 per cent 21 
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hours after injection. Not all of the cells 
were irreversibly damaged, for those which 
were present at 21 hours went on to survive 
normally as observed over the ensuing 12 
days (Cr® T4 29 days). 

Observation of the Rabbit Nictitating Mem- 
brane after Intracarotid Injection of Urokon. 
Injections were made into the cannulated 
carotid artery of the nembutalized rabbit, 
with continuous observation of arterioles, 
capillaries and venules employing a Zeiss 
slit lamp with green filter at 16X magnifica- 
tion. There is normally an irregular pul- 
satile pattern in the membrane vessels, and 
some segmentation of the red blood cell 
column is normally observed when the 
flow through a particular vessel complex is 
temporarily slowed. Sterile pyrogen free 
physiologic saline was injected rapidly in 
amounts of 0.2, 0.4, 0.8 and 1.0 ml. The 
only effect, observed mainly following the 
larger injections, was moderate temporary 
(30-60 seconds) spasm of the arterioles, 
with consequent slowing of flow in the 
capillaries and collecting venules and with 
accompanying segmentation of the red 
blood cell column during the intervals of 
retarded flow. Injection of 70 per cent 
urokon, even in amounts of 0.2 ando.4 ml., 
was generally accompanied by an irrita- 
tive reaction consisting of transient gen- 
eralized muscular contractions, associated 
with more severe and prolonged spasm of 
the membrane arterioles. When 0.8 and 
1.0 ml. of 70 per cent urokon were injected, 
the rabbit often experienced a generalized 
convulsion. Again, during periods of re- 
tarded blood flow secondary to arteriolar 
spasm, segmentation of the red blood cell 
column in the capillaries and venules was 
observed. However, as soon as the ar- 
terioles resumed their normal diameter 
(after 1 to 3 minutes), normal blood flow 
was promptly reestablished. The observers 
saw no evidence of sludging, or “agglutina- 
tion" of the red blood cells that could be 
definitely attributed to a direct effect of the 
urokon causing im vivo intravascular ag- 
gregation of the cells. 
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DISCUSSION 


The physiologic mechanisms underlying 
untoward clinical reactions to roentgeno- 
logic contrast media remain somewhat ob- 
scure. While some of the reactions (e.g., 
urticarial) are almost certainly allergic in 
origin, others (¢.g., hemiplegi a) appear to 
result from damage to areas in which the 
vascular supply is in the direct route of the 
injected material. The present investiga- 


tion throws no light on the problems of 


allergic reactions; its purpose has been to 
explore possible ways in which the contrast 
media might cause direct damage to intact 
viable cells. 

The human erythrocyte can be con- 
sidered a relatively “tough” cell by com- 
parison to most other soft tissue cells. It 
withstands refrigerated storage outside the 
human host ‘or 3-4 weeks in relatively 
simple preservative solutions without great 
loss of viability. It is able to withstand 
striking changes in cell volume due to gain 
or loss of water, a property related in part 
to its existence as a "free cell" without 
intimate attachment to adjacent cells, and 
in part to its unique spatial form as a 
biconcave disk. It is interesting therefore 
to consider the changes in size, shape, 
membrane characteristics, and viability 
brought about after exposure to contrast 
media in current clinical usage. 

Fresh erythrocytes were employed 
throughout the present investigation, for 
it was observed that stored red blood cells 
exhibited increased susceptibility to cellu- 
lar aggregation and more rapid and exten- 
sive hemolysis than fresh red blood cells 
tested under identical conditions. The ef- 
fects of the concentrated contrast media 
were manifested rapidly, as evidenced by 
the acute shrinkage of the red blood cells 
(observed microscopically to occur within 
seconds), the relatively prompt penetra- 
tion of the organic iodide compound across 
the red blood cell membrane (Table iv), 
and the hemolysis (up to 1o per cent) that 
occurred when exposure was allowed for 


Changes in Human Red Blood Cells 


jected 


I155 


only 1 minute and then terminated by 
rapid dilution and repeated washing in 
physiologic saline solution. Undoubtedly 
some of the hemolysis observed during the 
washing procedures reflected the “‘para- 
doxical hypotonic hemolysis” discussed by 
Soderstrom,” and encountered so drama- 
tically during the washing of red blood 
cells which had been suspended in high 
concentrations of penetrating polyhydric 
alcohols. When intracellular osmolarity 
has been elevated by suspending cells in 
hypertonic solutions of a substance ca- 
pable of penetrating across the cell mem- 
brane, sudden re-exposure of the cells to 
“physiologic” osmolarity may result in ex- 
tremely rapid entry of water into the cells 
so that they swell and burst. This type of 
hemolysis can be largely eliminated by very 
slow addition of the physiologic wash solu- 
tion, thereby permitting a gradual lowering 
in the osmolarity of the suspending fluid 
and allowing establishment of equilibrium 
between intracellular and extracellular 
solute. However, when physiologic saline 
was added very slowly to red blood cells 
which had been suspended in concentrated 
contrast media, only a modest decrease in 
hemolysis was achieved, suggesting that 
osmotic effects were not primarily respon- 
sible for the observed hemolvsis. The failure 
of comparably hypertonic sodium chloride, 
sodium citrate and dextrose solutions to 
provoke significant hemolysis (Fig. 3) 
constitutes further evidence that the dam- 
age caused bv concentrated contrast media 
results from other than simple osmotic ef- 
fects. The diminished red blood cell sur- 
vival illustrated in the lower curve on 
Figure 6 further documents the extent of 
the red blood cell damage; and provides 
an interesting avenue for further inves- 
tigation into the cause for normal in vivo 
survival of a small proportion of the in- 
cells. Other observations which 
merit further study are the discrepancies 
in hemolytic potential among different 
contrast media (illustrated in Fig. 3) and 
the suggestion that hemolytic potential 
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may be decreased by employing ‘“‘com- 
bined” contrast media (e.g, ditriokon, 
hypaque, “triple medium”) in which the 
total iodine content is high but in which no 
single organic iodide is present in high 
concentration. The importance of the 
stability of organic iodide “combinations” 
deserves special emphasis. For example, 
the “triple medium,” which caused rela- 
tively little hemolysis when freshly pre- 
pared (Fig. 3), was noted to darken in 
color during 3 weeks’ storage at summer 
room temperatures and when retested 
proved to be almost as hemolytic as the 
70 per cent urokon over which it had ex- 
celled previously. 

It remains an open question whether 
serious reactions to roentgenologic contrast 
media may result from aggregation of red 
blood cells, with secondary vascular plug- 
ging, or from a direct toxic effect of the 
media upon the vessel wall itself, particu- 
larly upon the endothelium. Mudd and 
his co-workers? have demonstrated what 
they describe as “‘agglutinative throm- 
bosis” within small pulmonary vessels in 
stained sections of lung tissue obtained 
from dogs within 1 to 60 minutes after in- 
jection of 70 per cent urokon into the pul- 
monary artery. Similar findings have been 
described by Read and co-workers, who 
made direct observations of small pial and 
mesenteric vessels following the rapid 
intra-arterial injection of hypertonic solu- 
tions (20 per cent NaCl, so per cent 
glucose). In another report, Read? has 
stressed the important role of the red 
blood cell in causation of the pulmonary 
hypertension that is observed following in- 
jection of concentrated contrast media into 
the pulmonary artery; for when the iso- 
lated lung was perfused with contrast 
media alone, elevation of pulmonary ar- 
terial pressure did not occur. 

The present authors do not deny the 
possibility that intravascular aggregation 
of red blood cells may be important as a 
cause of clinical reactions. However, we 
were impressed by the fact that: (1) red 
cell clumping did not occur as long as the 
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blood and contrast media were kept in . 
motion; (2) clumping might be expected to 
occur secondary to greatly retarded blood 
flow, as appeared to be the case in the 
studies on rabbit nictitating membrane; 
and (3) the red blood cell clumps did not 
resemble tightly adherent immune red 
blood cell agglutinates, but rather repre- 
sented a tangential aggregation of cells 
which could be easily dispersed when the 
stagnant red blood cell suspension was put 
back in motion. Also impressive were the 
evidences for direct damage to the red 
blood cell: hemolysis far exceeding what 
would be expected from the hypertonicity 
of the media, and impaired viability of over 
half of the red blood cells recovered after 
in vitro exposure to contrast medium. It 
seems certain that the exposed vascular 
endothelium must undergo somewhat simi- 
lar changes to those observed in the red 
blood cell, and it might be expected that 
the anatomy of the endothelium would 
make it more susceptible than the red blood 
cell to some of the damaging effects of the 
media. Evidence for direct vascular dam- 
age has been reported by Zinner and 
Gottlob?! and evidence for altered vascular 
permeability has been presented by Bro- 
man and Olsson.'? 

Whatever may be the actual mech- 
anism(s) underlying nonallergic clinical re- 
actions to contrast media, the present 
studies indicate that the red blood cell may 
serve as a convenient model for describing 
some of the properties of existing and newly 
developed media. It remains to be seen 
whether evidence of damage to red blood 
cells will be paralleled by a high incidence 
of serious clinical reactions. However, it 
would seem to be worthwhile to attempt a 
correlation of iz vitro red blood cell findings 
with large scale clinical trials as a further 
adjunct in the continuing development of 
safer roentgenologic procedures. 


SUMMARY 


I. Four roentgenologic contrast media 
were studied for their in vitro effects upon 
fresh normal human erythrocytes. 
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2. Inthe presence of high concentrations 
of contrast media, red blood cells under- 
went repid shrinkage and exhibited a ten- 
dency to clump in loosely adherent aggre- 
gates. Aggregates could be easily dispersed 
by gently mixing, and initial red blood cell 
aggregation could be largely prevented by 
keeping the blood in motion following ex- 
posure to contrast media. 

3. Rapid penetration of contrast medium 
across the red blood cell membrane wasdem- 
onstrated employing I'?'-tagged urokon. 

4. Cencentrated contrast media were 
capable of directly damaging red blood 
cells, as evidenced by (a) hemolysis in 
excess ef that expected due to osmotic ef- 
fects alene and (b) impaired iv vivo survival 
of a preportion of red blood cells recovered 
after im vitro exposure to one of the media. 

5. Observations of the small vessels in 
the rabbit nictitating membrane following 
intraca-otid injection of 70 per cent urokon 
were inconclusive but did not provide evi- 
dence ef primary intravascular clumping 
of erythrocytes. 

6. The possible value of attempting to 
correlate the i» vitro effects of contrast 
media upon red blood cells and the iz vivo 
inciden:e of nonallergic clinical reactions is 
discussed. 


Hugh Chaplin, Jr., M.D. 
The Edward Mallinckrodt 
Institute of Radiology 
£10 Souta Kingshighway 

St. Louis, Missouri 
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EXPERIMENTAL STUDIES OF DITRIOKON TOXICITY* 


By EUGENE F. BERNSTEIN, M.D.,f ROBERT L. EVANS, Pu.D.,} ROBERT F. AVANT, B.A, 
and JOHN V. TYBERG, B.A. 


MINNEAPOLIS, MINNESOTA 


N VIEW of the development of cardio- 

vascular diagnostic procedures which 
utilize large volumes of concentrated angio- 
graphic agents, the availability of prepara- 
tions with a high degree of radiopacity, low 
toxicity, and ease of rapid administration 
has become important. Factors involved in 
the suitability of such preparations include 
the immediate cardiorespiratory effects, 
renal and nervous system effects, and those 
effects due to such physicochemical prop- 
erties as viscosity and osmolality. 

The recent combination of sodium di- 
protrizoate and diatrizoate, marketed as 
ditriokon,* is an attempt to provide a 
preparation with a high degree of radio- 
pacity and low viscosity. It seemed worth- 
while to evaluate this preparation experi- 
mentally for possible utilization in forward 
angiographic procedures requiring large 
doses of radiopaque materials. 


ACUTE ANIMAL TOXICITY STUDIES 
A. MATERIALS AND METHODS 

Mongrel dogs of both sexes weighing 
from 5.5 to 10.9 kg. were anesthetized with 
sodium pentobarbital. Aortic blood pres- 
sure was monitored by means of a catheter 
in the proximal descending thoracic aorta 
connected to a Statham P23D strain gauge 
and recorded on a Sanborn Twin-Viso re- 
corder. Lead II of the electrocardiogram 
was also monitored on this recorder. Ob- 
servations were made of the microcircula- 
tion of the bulbar conjunctiva, of the 
presence and duration of apnea following 
injection, and of survival. 

Ditriokont was administered in graded 

* Mallinckrodt Chemical Works. 


+ Generously supplied by Mallinckrodt Chemical Works, St. 
Louis, Missouri. 


doses from 3 to 7 cc. per kg. body weight, 
through a No. 280 polyethylene tube in- 
serted into the vena cava via the femoral 
vein. Injection was made with the aid of a 
steel syringe and a hand lever injector, and 
in all instances the time required for injec- 
tion was less than 1.5 seconds. Three dogs 
were injected at each dose level. Animals 
which survived for twenty minutes with 
normal vital signs were sacrificed, and, to- 
gether with all animals which succumbed, 
were autopsied. 


B. RESULTS 


A summary of the results of the acute 
animal toxicity studies is presented in 
Table 1. In general, doses of 3 and 4 cc. of 
ditriokon per kg. body weight were well 
tolerated. There were some ST and T wave 
changes on the electrocardiogram but these 
were, in general, rapidly reversed. In a 
number of these animals, there was a short 
period of initial hypertension, uniformly 
followed by a period of hypotension. At the 
3 cc. per kg. dose, the maximum systemic 
diastolic blood pressure drop ranged from 
33 per cent to 50 per cent of the pre-injec- 
tion values. At 4 cc. per kg., the maximum 
systemic diastolic blood pressure drop 
ranged from 70 to 91 per cent of the con- 
trol values. 

As the dose of ditriokon was increased 
to 5, 6, and 7 cc. per kg., the electrocardio- 
graphic and blood pressure changes be- 
came more severe. The presence of an 
atrial T wave, and severe S-T changes were 
accompanied by marked and irregular 
bradvcardia, apparently of sinus origin. 
'The post-injection phase of hypotension was 
uniformly profound (see Table 1). 

Observations of the small blood vessels 


* From the Departments of Surgery and Physiology, University of Minnesota Medical School, Minneapolis, Minnesota. 
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of the bulbar conjunctiva revealed the pres- 
ence of some red blood cell aggregation in 
almost all of the dogs following ditriokon 
injection. In general, there was some cor- 
relation between the dose of ditriokon ad- 
ministered and the degree of aggregation 
visualized. 

In the dogs receiving 3 cc. of ditriokon 
per kg., there was little or no respiratory 
arrest following injection (Table 1). This is 
in marked contrast to the normal 30 to 40 
second period of apnea which follows the 
injection of an equal volume of hypaque go 
per cent in the dog.! With larger injections 
of ditriokon, apnea appeared and became 
progressively longer with increased dosage. 

At autopsy, in the 3 and 4 cc. per kg. 
dose range, most animals had minimal 
areas of pulmonary hemorrhage, or dilata- 
tion of pulmonary capillaries and/or veins. 
As the dosage of ditriokon was increased, 
the appearance of localized areas of pul- 
monary hemorrhage was common. How- 
ever, dilated pulmonary capillaries and 
veins were the most prominent and con- 
sistent histologic findings at all dose levels 
tested. Histologic sections of the heart, 
liver, pancreas, spleen, small intestine, and 
kidneys of all of the animals studied failed 
to reveal any other significant pathology. 

A comparison of the mortality subse- 
quent to massive intravenous doses of 
ditriokon and hypaque 9o per cent (as re- 
ported previously!) is shown in Figure 1. 





100 i 


Mortality (%) 








Fic. 1. Dose-mortality curve following rapid intra- 
venous injections of ditriokon (40 mg. I/cc.) and 
hypaque go per cent (46 mg. I/cc.) in the dog. 
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It may be noted that mortality has been 
plotted against milligrams of iodine de- 
livered per kg. body weight, rather than 
in terms of volume of media. It is felt that 
this is a more equitable way of comparing 
opacification ability with mortality. 

Several examples of the blood pressure 
and electrocardiographic response to mas- 
sive doses of ditriokon are shown in Figures 
2, 3, and 4. At a dose of 3 cc. per kg., it may 
be seen that there are essentially no 
changes in cardiac rate or rhythm, and 
minor and rapidly reversibe T wave 
changes in the electrocardiogram (Fig. 2). 
When the dose is increased to 6 cc. per kg., 
an initial hypertension, accompanied by 
prompt S-T segment changes, is followed 
by a severe sinus bradycardia, profound 
hypotension, and death (Fig. 3). A similar 
pattern, ‘shown in Figure 4, was recorded 
in an animal receiving 7 cc. of ditriokon 
per kg. Electrocardiographic changes in 
the animals receiving very large doses of 
ditriokon are seen within 1—2 seconds of the 
start of injection. Some direct toxic action 
or reflex mechanism involving the sino- 
atrial node appears to be involved. 


PHYSICOCHEMICAL STUDIES 
A. OSMOLALITY 


Determinations of the osmolality of a 
number of commonly employed angio- 
graphic media were performed using a 
Fiske osmometer,* which employs the 
freezing point depression principle. The 
studies are summarized in Table mn, in 
comparison to normal blood osmolality, 
and indicate the relative hypertonicity of 
the substances studied. There is a good 
correlation between the osmolality and the 
amount of iodine in the compounds studied. 

These studies are of particular interest 
in view of the recent report which impli- 
cates osmolality as one of the most im- 
portant factors in the subsequent devel- 
opment of red blood cell aggregation and 
hemodynamic alterations following the 
rapid injection of these agents.’ Ditriokon 


* Through the cooperation of Dr. Theodore R. Grage. 
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Dog # 1659 
Dose: 3 cc Ditriokon / kg 
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Fic, 2. Bod pressure and electrocardiographic response to the rapid intravenous injection of 3 cc./kg. 
ditriokcn. Some ST segment and T wave changes are seen, along with a minor blood pressure depression. 
Injection is indicated on the timer tracing. 


Dog # 1744 
Dose: 6 cc Ditriokon / kg 
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Fic. 3. Marked response to a 6 cc./kg. dose of ditriokon with some hypertension followed by profound 
hypotension and bradycardia. Note the almost immediate electrocardiographic changes, which begin 
within oae second from the start of the injection (timer line). 
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_ Dog * 1546 
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Fic. 4. An intravenous dose of 7 cc./kg. ditriokon was ate lethal. Marked electrocardiographic 
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aberrations accompany the profound and rapidly fatal hypotension. 


is essentially equal in osmolality to hy- 
paque 90 per cent, and yet, utilizing iden- 
tical injection procedures, it appears to 
have an LDss approximately twice that of 
hypaque go per cent. InYthis regard, it 
should be noted that the ditriokon injec- 
tions were considerably more rapid than 
those of hypaque go per cent, as a result of 
its decreased viscosity, although the same 


injection apparatus was used in both 
studies. This factor was expected to in- 
crease its toxic effects, but despite this, the 
observed mortality was decreased. 


B. VISCOSITY 
Utilizing a modified Eckstein, Book and 
Gregg viscosimeter, measurements of the 
viscosity of a number of commonly utilized 


Tasce II 


OSMOLALITY AND IODINE CONTENT OF ANGIOGRAPHIC AGENTS 

















P : Osmolality Per Cent Iodine Ratio 
reparation (mOsm./L.) (gm./100 cc.) (osmolality/per cent I) 
Renografin 60% 1360 29.3 46.5 
Hypaque 50% 1376 30 45.9 
Renografin 76% 1648 37 44.6 
Hypaque 7596 1716 39.3 43.8 
Cardiografin 85% 1900 40 47-5 
Ditriokon 68.1% 1904 40 47.6 
Hypaque 90% 2020 46 44.0 
Urokon 70% 2140 46 46.5 
Whole Blood 285 — — 
Average: 45.8 
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angiogr phic preparations were performed 
through a temperature range of approxi- 
mately 9-so C. The preparations studied 
includec 50, 75 and go per cent hypaque,* 
60 and 76 per cent renografin,T 85 per cent 
cardiografinf and ditriokon. 

The results of these measurements are 
presented in Figure 5, in comparison with 
the viscosity of whole blood. It may be 
noted tuat ditriokon is considerably less 
viscous than the other tested agents with 
comparz ble iodine contents. In addition, it 
may be noted that heating this agent from 
room temperature (25°C.) to body tem- 
perature (37°C.) has little effect upon its 
viscosit™, in contrast to the marked effects 
of heating some of the more concentrated 
diatrizoate preparations. 


7. COMPARATIVE INJECTION RATES 


Utilizng the information obtained from 
the viscosity. measurements and the per- 
centage of iodine contained in the various 
prepara ions, calculations of the compara- 
tive injection rates of (a) the volume of 
materia and (b) the amount of iodine 
which cin be injected with an identical in- 
jection pressure, catheter system, etc., have 
been made. For this purpose, the viscosity 
of the sv bstances at room temperature has 
been ut lized. Iz may be noted that more 
than 5 times as much ditriokon as hypaque 
go per cent could be injected in a given 
period cf time, and this would contain 4.5 
times as much iodine. These calculations 
assume aminar flow, which is a valid as- 
sumption only in low pressure injection 
systems. In high pressure injections, flow 
Is often turbulent, and the differences be- 
tween irjection rates are not as marked as 
those calculated in Table rrr. In the acute 
animal toxicity studies, the ratio of the 
rates of njection of ditriokon and hvpaque 
90 per cent varied from 2 to 6. 


DISCUSSION 


The aaimal toxicity studies indicate that 
massive doses of ditriokon may be given 


* Generoudy supplied by Winthrop Laboratories, Inc. 
T Generou-ly supplied by E. R. Squibb & Sons. 
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Fic. 5. Viscosity of commonly employed iodinated 
radiopaque compounds used for angiography over 
a temperature range from o-5o? C. 


with considerably greater in tial safety 
than equal doses of hypaque co per cent. 
The value of these observatioas for such 
studies as intravenous aortography appears 
obvious. While the clinical application of 
such large doses as have been used in 
these studies is not immediately justifiable, 
the utilization of ditriokon for such studies 
should be associated with increzsed patient 
safety, and some cautious increase in pa- 
tient dosage may be justified. 

The low viscosity of ditriokon permits 


Tase III 


CALCULATED COMPARATIVE INJECTION RATES 
(PER UNIT TIME)* 








ere owas y Amount 

Preparation Volume af Teding 
Hypaque 90% I. 1.0 
Cardiografin 85% 1.8 1.6 
Renografin 76% 3.1 2.5 
Hypaque 75% 3:5 248 
Ditriokon 68.1% 5.2 4x5 








* Preparation at room temperature (2:?C., with standard 
injection pressure, catheter system, etc., and relative to hypaque 
go per cent as unity, based on viscosity measurements, and assum- 


ing laminar flow (see text). 
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Fic. 6. Comparison of thoracic aortograms o^ the same dog, utilizing identical injection apparatus and 
pressure, and equal volumes of (4) hypaque go per cent, (4) ditriokon, (c) hypaque 75 per cent and (d) 
cardiografin 85 per cent. 
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its utilization at room temperature, as well 
as its more rapid injection under standard 
injection conditions. The marked decrease 
in cardiovascular reaction to this hyper- 
tonic agent, as compared with hypaque go 
per cent, is of considerable theoretic signif- 
icance 1n any attempt to invoke hyper- 
tonicity alone as the cause of the hemo- 
dynamic alterations observed. The data 
presented appear to show that viscosity 
has a s:gnificant role in this mechanism. 
While these studies indicate that ditrio- 
kon is relatively well-tolerated insofar as 
the acute cardiorespiratory response to 
rapid intravenous injection is concerned, it 
must be noted that the sodium diprotrizoate 
(miokon) fraction has been demonstrated 
to contain the potential for nephro-and 
neurotoxicity when administered sep- 
arately. Long-term studies of the toxic po- 
tential of ditriokon to the kidney and the 
central nervous system therefore appear ap- 
propriate for future investigation. 


SUMMARY 
Experimental studies have been per- 
formed in an attempt to evaluate a new 
angiographic preparation. Acute intra- 
venous toxicity studies in the dog indicate 
that the LD;, of ditriokon is approximately 
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twice that of hypaque 9o per cent. The 
ratio of osmolality to percentage of iodine 
content is essentially constant for all the 
angiographic preparations studied. Viscos- 
ity studies indicate the capability of ditrio- 
kon to be delivered in large amounts per 
unit time (with high iodine content) under 
standard injection conditions. Ditriokon 
would appear worthy of clinical trial in 
procedures requiring large amounts of con- 
centrated radiopaque angiographic media. 
Caution is advised, however, inasmuch as 
the potential of ditriokon to cause central 
nervous system and renal damage has not 
been evaluated in long-term experiments. 


Eugene F. Bernstein, M.D. 

Department of Surgery 

University of Minnesota Medical School 
Minneapolis, Minnesota 
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THE ROENTGEN DIAGNOSIS OF HEMANGIOMA 
OF BONE* 


By ROBERT S. SHERMAN, M.D., and DANIEL WILNER, M.D. 


NEW YORK, NEW YORK 


HA ANION of bone is a benign, 
slowly growing tumor arising from 
newly formed blood vessels and it is one of 
the primary osseous neoplasms. Histologi- 
cally, two types are recognized, cavernous 
and capillary. The cavernous is made up of 
large, thin-walled vessels and sinuses which 
are lined by a single layer of endothelial 
cells interspersed among resorbed bony 
trabeculae. The capillary type is composed 
of fine capillary loops which tend to spread 
outward in a sunburst fashion. Cavernous 
hemangiomas are commonly found in the 
vertebrae and skull, while the capillary 
variety is more likely to be encountered in 
flat bones and in the metaphyses of the 
long bones." 

Osseous hemangiomas are rather rare 
tumors. The first report referring to the 
roentgen findings in this tumor was by 
Hitzrot?' in 1917. Bucy and Capp’? in 1930, 
described the appearances in 7 cases se- 
lected from the Bone Tumor Registry. 
Lichtenstein?? has observed only a few of 
these neoplasms as surgical specimens. At 
the Mayo Clinic, Dahlin!” encountered 13 
hemangiomas of bone constituting 0.6 per 
cent of the total primary bone tumors at 
that institution. As Jaffe?? has stated, when 
one excludes both the vertebral hemangio- 
mas and those in the skull, then this type of 
primary neoplasm becomes an uncommon 
condition indeed. 

A review of the material available to us 
brought to light 45 cases of primary heman- 
gioma of bone, all of which were. histologi- 
call proved except for a few having a 
characteristic roentgen pattern in the ver- 
tebrae and skull. The present purpose is to 
report the roentgen appearance of these 
tumors with the object of making their 


1960. 


identification more reliable for the roent- 
genologist. l 

The location of the 45 hemangiomas is 
given in Table 1. 


Tase I 


LOCATION OF 45 HEMANGIOMAS 





Spine Facial Bones 
Cervical 1 Mandible 3 
Thoracic 5 Nasal I 
Lumbar 8 Zygoma I 

Ribs 5 
Skull 13 Clavicle I 
Foot 2 
Long Bones 5 


More than half of the hemangiomas were 
in the skull and spine. An inflated percent- 
age of hemangioma in the other bones may 
be present because of the tendency of pa- 
tients with tumors and tumor-like lesions 
of the bone to find their way to this institu- 
tion plus the fact that a number of spinal 
tumors, having been discovered inciden- 
tally, undoubtedly escaped being recorded 
in the diagnostic files. 


HEMANGIOMA OF THE SPINE 


Because of a general familiarity on the 
part of radiologists with the appearance of 
hemangioma in this site, only a summary of 
the material will be given. Apparently 
there is a wide disparity between the ana- 
tomic and the roentgen incidence of verte- 
bral hemangioma. This fact has been de- 
monstrated by Schmorl,? Tópfers and 
later by Junghanns.5 In 3,829 vertebral 
columns studied in Schmorl’s institute, the 
incidence of hemangioma was revealed to 
be 10.7 per cent, and another report of 


* Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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10,000 spinal columns studied revealed a 
similar incidence. It is now well known that 
the smaller, asymptomatic vertebral he- 
mangicmas rarely can be demonstrated on 
roentgenograms, a fact proved by roentgen 
examination of autopsy material. 

Hemangioma of the spine usually is a 
single lesion, but sometimes two or more 
vertebral bodies are involved. While the 
process is generally in the vertebral body, 
other portions of the vertebra can be the 
site of the disease. When the hemangioma 
is of adequate size, the roentgen diagnosis 
is usual y not difficult. 

There may be a slight general diminu- 
tion in the over-all bone density of the ver- 
tebral body. The most characteristic find- 
ing, however, is the presence of parallel, 
somewhat fuzzy, vertical linear streaks, 
which gve the so-called “corduroy cloth” 
appearance. This effect is noted particu- 
larly in the lateral projection, and it is 
sometimes accompanied, particularly in 
sagittal projection, by a fine reticulated or 
"honevcomb" texture. The cortex of the 


vertebral may become somewhat 


bod M 
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fuzzy, ragged and ill-defined, but usually 
its outer border is intact (Fig. 1, 4 and B; 
and 2, 4 and B). With compression frac- 
ture, many of these characteristic findings 
become less evident or are obscured. 

A compression fracture was observed in 
3 instances. One, in which the compression 
of the body was only partial, showed that 
many of the roentgen characteristics of 
hemangioma were preserved (Fig. 3, 4 
and B). In the second, the gradual progres- 
sion of the compression was followed by 
serial roentgen studies (Fig. 4, 4, B and C). 
The third revealed extensive destruction 
and such a pronounced degree of collapse of 
the vertebral body that roentgenologically 
a diagnosis of hemangioma could not pos- 
sibly be made. 

Most hemangiomas of the spine are 
asymptomatic. However, in 2 of the pa- 
tients, there was a vague intermittent type 
of pain. In the 3 instances where compres- 
sion fracture occurred, there were both 
subjective and objective findings. Two of 
the patients complained of severe pain in 
the back and examination disclosed spasm 





Fic. 1. (4) Hemangioma of the fifth cervical vertebra showing involvement of the body, pedicles and spinous 
process. (B) Hemangioma of the sixth thoracic vertebra. Note the pillar-like trabeculae running in a 


longitud nal axis. 
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Fic. 2. (4 and B) Hemangioma of the third lumbar vertebra. The parallel linear streaks running 
vertically in the body give a “corduroy cloth” appearance. 





Fic. 3. (4 and B) Hemangioma of the third lumbar vertebra complicated by a compression fracture. The 
characteristic vertical striations have been replaced by a coarse, irregular trabecular pattern. 


Vor. 86, No. 6 


Hemangioma of Bone 


1149 





Irs. 4. 04, Band C) Hemangioma of the ninth thoracic vertebra showing interval compression 
over a period of ten weeks. 


and rigdity of the muscles of the lumbar 
region. The third displayed signs of com- 
pression of the spinal cord as evidenced by 
spastic paraplegia with a sensory level at 
the thoracic segment. Four of the patients 
were treated by irradiation and showed a 
satisfac ory response. Two were relieved of 
ther complaints, and they have remained 
symptom-free for more than ten years. 

Schlezinger and Ungar? reviewed the 
literature in 1939 and added 2 cases of their 
own to make a total of 40 patients who had 
neurologic changes associated with com- 
pression of the spinal cord due to heman- 
gioma c* bone. Robbins and Fountain?! re- 
cently reported a successfully treated case 
of hemangioma of the cervical vertebrae 
with severe myelocompression, stating that 
it was tae eleventh such case described. 

[n the differential diagnosis, hemangioma 
of the vertebrae sometimes must be distin- 
guished from Paget’s disease. In osteitis 
deformans there is usually a more uniform 
increase in bone density and there is fram- 
ing of ‘he vertebral body by a zone of 
cortical thickening and sclerosis. Malignant 
lymphomas occasionally show changes sim- 
ilar to hemangioma of bone and meta- 
static cancer and multiple myeloma simi- 
larly must be considered in differential diag- 
nosis. 


HEMANGIOMA OF THE SKULL 

The rst such case was reported by 
Toynbee in 1845. In 1949, Wyke? reviewed 
the literature and uncovered 39 primary 
angiomatous lesions in the skull. 

The hemangiomas of the skull reported 
here are confined to the frontal bone. The 
lesion tends to be quite typical roentgenolog- 
ically, being represented by a single area 
of rarefaction, which is usually either 
round or oval in shape. There is a variation 
in size from I to 7 cm. in diameter. The in- 
ternal pattern is characterized by fine, 
delicate striae or reticulations, which being 
closely knit often assume a “honeycomb” 
appearance (Fig. c, 7 and B; and 6). These 
striations on occasion are exaggerated and 
give a “sunburst” appearance. 

A few of the smaller lesions seemed al- 
most entirely lytic with no discernible in- 
ternal pattern. The margins of the defects 
were sharp and well delineated from the 
surrounding normal bone and sometimes a 
fine margin of bone condensation was seen 
at the periphery. 

Several cases were somewhat atypical. 
One was spindle-shaped, measuring 7.0 X 2.5 
cm. Another of the larger lesions, measuring 
5.5X5.0 cm., showed a centrally placed 
radiolucency surrounded by the usual 
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Fic. 5. Hemangioma of the skull. ((7) A round area in the frontal bone showing a finely porous “honeycomb” 
rarefaction. (B) Tangential view of same skull showing radial striations giving the “sunray” type of ap- 


pearance. 


“honeycomb” type of septation, while at 
the peripherv of the lesion there were clus- 
tered small, round, fairly distinct radiolu- 
areas. A hemangioma measuring 
3X3 cm. and seen as a round defect in the 
right frontal bone had a dense compact 
segment of bone in its medial portion. 
there accompanying 
“honeycomb” pattern the 
dense central area. One hemangioma was 
purely lytic in one half of the lesion, 
the other half presented the 
“honeycomb” reticulation. 


cent 


However, was an 


surrounding 


whereas 
characteristic 


Tangential or profile views are particu- 
larly informative and constitute a neces- 
sary part of the roentgen examination of 
lesions in this area. Ordinarily, the bony 
tumefaction is seen extending outwards 
bevond the normal confines of the bone. 
This external bulging 1s sometimes accom- 
panied by an erosion of the outer table of 
the skull, whereas the inner table tends to 
be well maintained. The profile view fre- 
quentlv discloses vertical striations assum- 
ing a “sunray” type of appearance. These 
bony striae seem to be directed in a radial 
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manne- as though originating from a com- 
mon center (Fig. 58). Six of the cases pre- 
sented this appearance. 

Conditions to be considered in differen- 
tial diaznosis include cancer metastases and 
multipe myeloma, and, when the profile 
views reveal vertical striations, a meningi- 
oma may have to be ruled out. A few 
hemanziomas bear a close resemblance to 
epidermoids. However, the outline of these 
lesions tends to be more serpiginous, the 
margirs are fairly dense due to a fine 
sclerot border, and they do not have a 
reticul.ted or “honeycomb” pattern. Os- 
teoma at times closely resembles heman- 
gioma and in some instances the differen- 
tial dizgnosis is almost impossible to make 
with assurance. Generally speaking, how- 
ever, aa osteoma is uniformly dense or has 
a pattern that looks more like normal 
trabeculae. 


HEMANGIOMA OF THE MANDIBLE 


Two of the 3 cases in the mandible 
presensed a fairly classic roentgen appear- 
ance. One was a nineteen year old female 
who hed noted a swelling two years pre- 
viously. This gradually increased in size. 





Fic. 6. Hemangioma of the skull showing a more 
coarse “honeycomb” rarefaction. 
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Fic. 7. Hemangioma of the body o: the mandible. 
(4) A roentgenogram of the gross specimen show- 
ing the classic "sunray" appearence. (B) Tan- 
gential view showing the characteristic radiating 
spicules at right angles to the bone. 


Physical examination showed a hard en- 
largement, 4X3 cm., which mvolved the 
entire thickness of the bone. Roentgen 
examination demonstrated a multiloculated 
expanding lesion in the body o: the left side 
of the mandible. The expanded area con- 
tained thick coarse trabeculations radiating 
outwards from a somewhat ill-defined cen- 
ter point. The cortex was intact and there 
was no evidence of any soft tissue compo- 
nent. The pathologic diagnosis from an 
incisional biopsy was hemangioma of bone, 
cavernous type. 

A roentgenogram of the second case re- 
vealed an expanding, osteolytic lesion with 
numerous trabeculae radiating in all di- 
rections. Tangential views displayed char- 
acteristic radiating spicules at right angles 
to the surface of the bone. A roentgenogram 
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Fic. 8. Hemangioma of the nasal bones. The internal 
pattern of the expanding lytic lesion is that of a 
fine fibrillary network of bony striae. 


of the resected gross specimen showed the 
classic “sunray” appearance (Fig. 7, Æ and 
B). 

Castleman discussed a case of heman- 
gioma in the mandible from the files of the 
Massachusetts General Hospital, in which 
the roentgenograms showed an expansion 
of the bone, thinning of the cortex and an 
irregular, fine lacy osseous network pro- 
ducing honeycombing. 


HEMANGIOMA OF THE NASAL BONES 


The first case of primary hemangioma of 
the nasal bones was reported in 1936 by 
Neivert and Bilchick.? Another was des- 
cribed by Bloom? in 1954. The roentgeno- 
grams of the presently reported case 
showed an expanding predominantly lytic 
lesion, ovoid in configuration. The cortex 
was completely gone, but there did appear 
to be a fine limiting shell of periosteal new 
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bone. The internal pattern of the tumor 
created a fine fibrillary network, highly 
suggestive of the diagnosis of hemangioma 
(Fig. 8). 


HEMANGIOMA OF THE ZYGOMA 


This is the only case known in which he- 
mangioma has been described in this bone. 

The patient, a forty-six year old female, 
noted a swelling below the left eye for two 
years. Physical examination disclosed a 
bony protrusion 2.5 cm. in diameter along 
the inferior outer portion of the left orbit. 

Roentgenographic examination demon- 
strated a somewhat expanding lytic lesion 
in the superior portion of the left zygoma. 
The inferior margin of the lesion was dis- 
tinct and the internal pattern of the tu- 








B 


Fic. 9. Hemangioma of the right zygoma. (4) The 
interior of the tumor shows an exaggeration of the 
diploic spaces giving a “honeycomb” type of ap- 
pearance. (B) Photograph of resected specimen. 
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mor had a reticulated and “honeycomb” 
appearance (Fig. 9, Æ and B). In general 
the roeatgen appearance of the lesion was 
quite typical. The tumor was completely 
excised. The pathologic diagnosis was 
hemangioma of bone. 


HEMANGIOMA OF THE RIBS 
AND CLAVICLE 


The roentgen appearance of hemangio- 
mas in these sites was sufficiently unique so 
as to ofer special problems in differential 
diagnosis. 

A thirteen year old white male with a rib 
lesion vas struck in the right side of the 
chest two years previously, suffering suffi- 
cient pain to require strapping. Since that 
time, there had been intermittent discom- 
fort. Paysical examination disclosed ten- 
derness. but no swelling. 

Roentgen examination showed an ex- 
panding lytic lesion anteriorly in the right 
sixth ri». The bony architecture was com- 
pletely lost in a portion of the defect. A 
very fant cortical rim could be detected 
about the periphery, forming a sharp line 
of demarcation with the normal bone. The 
rib was resected and the pathologic diagno- 
sis was aemangioma. The roentgen appear- 
ance of this tumor can hardly be considered 


er. 


my fs. 
af 
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typical of hemangioma. Some resemblance 
to giant cell tumor, fibrous dvsplasia and 
chondroma is noticeable. 

A routine chest roentgenogram revealed 
a puzzling process in the left ffth rib of a 
twenty-nine year old female who was 
asymptomatic. The posterior portion of 
the rib was widened and replaced by a 
coarse web-like pattern of vacuolated 
appearance. The superior and inferior 
borders formed irregular, thinned-out cor- 
tical margins, and there were a few bony 
septa or ridges perpendicular to the axis of 
the rib. A surrounding soft tissue mass 
measuring about 6 cm. was present (Fig. 
10, 4 and B). A resection of the fourth, 
fifth, sixth and seventh ribs was carried 
out and the histologic diagnosis was heman- 
gioma of the bone. The roentgen appear- 
ance of this particular tumor can be con- 
fused with osteogenic sarcoma because of 
the irregular destruction of bcne, the un- 
usual internal pattern and the soft tissue 
mass. The significant point here is the fact 
that a soft tissue mass may occasionally 
accompany hemangioma of bone. 

On a routine chest roentgenogram of a 
thirty-five year old asymptomatic female, 
a bizarre expanding defect o^ the right 
eighth rib was discovered. This portion of 





Vic. 10. Hemangioma of the left fifth rib. (4) The posterior portion of the rib is widened and replaced by 
coarse bony septa which give the bone a vacuolated appearance. (B) A chest roentgenogram showing a 


soft tissue mass surrounding the rib lesion. 
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Fic. 11. Hemangioma of the clavicle. (4) roentgeno- 
gram of the gross specimen showing an exaggera- 
tion of the diploic spaces giving the bone a coarsely 
porous “honeycomb” pattern. The cortex is gone 
and perpendicular spiculations can be seen along 
the upper and lower borders of the external end of 
the clavicle. (B) A photograph of the gross speci- 
men showing a lobulated soft tissue angiomatous 
mass surrounding the bone tumor. 


the rib was enlarged to about twice its nor- 
mal diameter and it presented a multi- 
loculated appearance. Lytic areas were 
surrounded by irregular formations of bone. 
Cortical margins were thinned-out and 
distorted, and some areas appeared to be 
destroyed, particularly along the inferior 
border. The right eighth rib was resected 
and the pathologic diagnosis was cavernous 
hemangioma. 

Again a diagnosis of malignant tumor, 
particularly osteogenic sarcoma, would 
have to be considered although the fairly 
well formed locules, the quite sharp line of 
demarcation between the involved and the 
normal bone, and the absence of periosteal 
reaction would be points of some value 
against malignant tumor. Castleman! dis- 
cussed a very similar case and stated that 
it was the only one he had ever seen in a 
rib. 


A forty-four year old white male stated 


Robert S. Sherman and Daniel Wilner 


DECEMBER, 1961 


that a lump had been present on his left 
collar bone for about nine years, following 
an injury. There was some associated pain 
which had increased in time. Roentgen 
therapy was given with some relief of symp- 
toms. Recent physical examination dis- 
closed a fixed, nontender mass in the outer 
third of the clavicle, which measured 5 cm. 
in diameter (Fig. 11, Zand B). 

This particular case is unusual not only 
because of the clinical history but the fact 
that the roentgen appearance strongly 
suggested a malignant tumor, especially 
osteogenic sarcoma, except that the bone 
destruction in the spongiosa was quite 
orderly and the existing “honeycomb” pat- 
tern would not ordinarily be encountered 
in a malignant neoplasm. 

Bucy and Capp!? reported a somewhat 
similar appearing tumor at the sternal end 
of the clavicle. 


HEMANGIOMA OF THE BONES 
OF THE FOOT 


One of the 2 cases of tumors occurring in 
this area is of special interest. 

The patient was a fifty-five year old 
white female who had fallen and injured 
her right foot fifteen years previously. 
Eight weeks after the injury she com- 
plained of pain and some swelling was then 
noted. The pain subsided, but the swelling 
persisted for about ten years or so, after 
which she thought that an increase in the 
size of the swelling had taken place. Phys- 
ical examination revealed a bony hard 
mass on the dorsum of the foot. 

Roentgen examination showed a some- 
what rarefied expanding lesion involving 
the entire extent of the first metatarsal and 
the adjacent tarsal bones of the foot as well. 
There were innumerable small locules giv- 
ing the involved bone a characteristic 
"soap-bubble" appearance. A tangential 
view showed numerous fine delicate septa 
tending to run perpendicular to the long 
axis of the metatarsal bone (Fig. 12). The 
lesion was removed and the pathologic 
diagnosis was hemangioma of bone. 
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HEMANGIOMA OF SOFT PARTS 
INVADING BONE 

Twenty-three cases were studied roent- 
genologically in which patients with soft 
tissue hemangiomas were subjected to 
roentgen examination. In 15 of these there 
was roentgen evidence of bone involve- 
ment. [n most instances the hemangioma 
of the soft parts harbored multiple, round 
discrete calcifications representing phlebo- 
liths, a finding not noted in primary he- 
mangioma of bone. 

Soft tissue hemangiomas may reach very 
large proportions without involving bone, 
but if the neighboring bone is affected, it 
it may be altered in various ways. The 
simplest type of secondary change is merely 
a smooth indentation or erosion of the cor- 
tex. This was noted in 3 of the 15 cases. 
Another group showed a triad of roentgen 
findings; viz., enlargement of the bone, 
coarsening of the bony trabecular structure 
and thmning of the cortex. In other instan- 
ces pressure-ty pe deformities of the neigh- 
boring bones were encountered. There was 
one such instance in which the tibia and 
fibula showed a defect with 
anterior bowing secondary to the presence 
of a large hemangioma (Fig. 13). In addi- 
tion, the bony texture was altered to a de- 
gree that suggested the presence of heman- 
gioma within the bone itself. 


saucerized 





lic, 12. Hemangioma of the first metatarsal and ad- 
jacent tarsal bones of the foot. The presence of 
numerous smal! locules give the bone tumor a 
“soap-bubble” appearance. Note the numerous 
fine delicate septa running perpendicular to the 
long axis of the bone. 
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ic. 15. Pressure deformities of the tibia and fibula. 
The trabecular structure is unusually coarse be- 
cause of widening of the diploic spaces. Note the 
presence of phleboliths in the surrounding soft 
tissue tumor. 


HEMANGIOMATOSIS 


Multiple hemangiomas may develop 
independently throughout the body. Two 
of the patients examined showed diffuse 
involvement of the arm and forearm. Four 
displayed extensive disease of the thigh and 
leg. One revealed widespread hemangio- 
matosis of the toes, while another presented 
multiple soft tissue hemangiomas in both 
hands and both legs. The soft tissue 
changes were often accompanied by def- 
inite enlargement of the neighboring 
skeletal parts (Fig. 14, 4 and B). 

One of the more striking examples of 
hemangiomatosis was a case of a sixty-five 
vear old female who had had numerous 
blood vessel tumors since the age of three. 
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Fic. 14. Soft tissue hemangiomas producing secondary changes in bones. (4) Widening of the phalanges of 
the left foot. (B) The normal right foot is shown for comparison. 


Many of these were removed when the 
patient was fourteen years old and others 
were excised ten vears later. The lesions 
subsequently recurred and increased in 
size so that they were visible over the en- 
tire body with the exception of the right 
upper extremity, the lower half of the left 
leg and the left foot. In the neck and ab- 
dominal wall in particular, numerous 
subcutaneous, soft, bluish-red, nonpulsat- 
ing vascular lesions were encountered. 
Roentgen examination showed that both 
lower extremities were diffusely involved 
by soft tissue hemangiomas. The large 
nodular soft tissue masses could be seen 
projecting from the skin surface and similar 
nodules could be detected in the deeper soft 
parts as well. There were many phleboliths. 
Pronounced changes were noted in the feet; 
there was disappearance of the phalanges of 
a number of toes and the metatarsals were 
attenuated and spindle shaped (Fig. 15 B). 


There was cortical thickening in many of 
the long bones with peculiar wavy irregu- 
larities in marginal outline. Ill-defined bony 
overgrowths projected from the shaft in a 
perpendicular fashion and there seemed to 
be actual sequestration of bone in some 
areas. Somewhat similar, although less 
severe, changes were noted in some of the 
bones of the upper extremities. Many of the 
phalanges of the hands showed fairly typi- 
cal angiomatous changes without accom- 
panving soft tissue hemangioma in the im- 
mediate vicinity (Fig. 15 7). Although the 
patient is currently under treatment, the 
prognosis is poor due to the presence of 
chronic nephritis and hypertension. 

A similar case was reported by Bonse.* 
His patient was a seventeen vear old girl 
who showed numerous soft tissue tumors in 
the region of the right supraclavicular fossa 
and over the right hemithorax, right arm 


and back. 
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lic. 15. Hemangiomatosis. (4) Multiple, fusiform, soft tissue hemangiomas of the left hand with cyst-like 
expansion of the phalanges and pressure deformities on the phalanges and metacarpals. (B) Nodular soft 
tissue tumors of the feet with a disappearance of the phalanges of four toes. Note the attenu ited and 
spindle-shaped metatarsals. There were similar, widespread changes noted throughout the body, 


SUMMARY 

I. The spine and skull are the most fre- 
quent sites for the occurrence of primary 
hemangioma in bone and the roentgen fea- 
tures are usually characteristic. The ‘‘cor- 
duroy coth” appearance prevails in the 
spine and the fine “honeycomb” pattern in 
the skull. 

2. In the flat bones, the “sunburst” and 
“honeycomb” patterns are fairly regularly 
encountered, but the roentgen diagnosis is 
not always easy. 

3. In other skeletal sites, it is not unusual 
to see a “soap-bubble” appearance and this 
is often combined with a “honeycomb” 
pattern. 


4. In some instances, particularly in the 
ribs and clavicle, a hemangioma of bone 
may present findings closely resembling a 
malignant bone tumor such as an osteo- 
genic sarcoma. 

5. Soft tissue hemangioma as well as 
hemangiomatosis may involve the bone 
secondarily causing local deformities, en- 
largement, cortical thinning, and altered 
texture. 


Robert S. Sherman, M.D. 
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RESPONSE OF FILM-SCREEN COMBINATIONS TO 
VARIATION IN ROENTGEN-RAY KVP. 


By JACOB KASTNER, W. C. McLAUGHLIN, W. G. CIBULA, and J. A. MACKIN 


CLEVELAND, OHIO 


"T HERE has been increasing interest in 
the use of higher and higher kilovolt- 
ages for diagnostic roentgenography. 

Over a long period of time and in the 
course of other work, we have gathered 
data on the response of different film-screen 
combinations to variations in roentgen-ray 
kilovoltages. This information is presented, 
along with the general procedure which was 
employed, in the hope that the results may 
be of practical interest to the radiologist in 
his choice of film-screen combinations and 
kvp. It is, of course, to be understood that 
this work ignores completely such prob- 
lems as contrast and detail, which affect 
the reading of roentgenograms. 


GENERAL PROCEDURE 


In all cases a determination was made of 
the relative mas. required to produce a 
diffuse film density of unity. 

Data for kilovoltages below 140 kvp. 

were obtained using both self-rectified and 
constant potential roentgen-ray equipment 
and a water phantom. A 280 kvp. Van- 
guard roentgen-ray unit was employed with 
a water phantom toobtain data for kilovolt- 
ages above 100 kvp. An overlap was thus 
provided for verification of the validity of 
our procedure and results at the higher 
kilovoltages. 
i. Incident exposure dose measurements 
were made using standard self-reading 
pocket dosimeters, the energy and dose- 
rate response of which were well within the 
limits of these experimental conditions. 
The measurements were sufficiently well 
replicated to provide good confidence limits 
and excellent reproducibility was obtained 
over a period of years and a variety of con- 
ditions. 


RESULTS AND OBSERVATIONS 


The commercial film-screen combina- 
tions were examined for their response to 


the different peak kilovoltages. Repre- 
sentative results of the measurements for 
the most common combinations are shown 
in Figures 1 and 3. The relation of incident 
air dose rate to peak potential given in 
Figure 2 was used to develop the relation 
in Figure 3. Note the reverse trend beyond 
200 kvp. It should be remembered that the 
skin dose, which includes backscatter, is 
also a function of kvp. A curve of the skin 
dose will have its minimum shifted slightly 
towards a higher kvp. 

Table 1 presents the relative mas. re- 
quired to produce the same film density at 
180 kvp. for different commercial film- 
screen combinations. This kvp. was chosen 





Fig. 1. Peak potential vs. relative mas. required to 
produce a diffuse density of 1.0 on standard film- 
screen combinations. ©—high potential roentgen- 
ray unit; A—low potential roentgen-ray unit. 
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RELATIVE mas, AT 180 kvp. FOR SOME FILM- 
SCREEN COMBINATIONS 








Kodak Blue Brand du Pont Par Speed 6 





Kodak Blue Brand Ilford Standard 6 
Kodak Élue Brand  Radelin General Pur- 
pose 6 


Kodak Elue Brand 
Kodak Elue Brand 
Kodak Blue Brand 


Ilford High Definition 13 
Radelin High Speed 2.5 
Radelin High Resolu- 

tion 19 
Kodak Hue Brand Radelin Ultra Detail 22 


Ansco High Speed 





du Pont Par Speed 5 
du Pont <o8 du Pont Par Speed 7 
Ilford Red Seal du Pont Par Speed 6 
Kodak Eoyal Blue du Pont Par Speed 5 





merely because this is probably as high a 
kilovol-age as anyone is likely to use. The 
relationship with kvp. for all combinations 


80 





bs —al, 





dk 


PEAK POTENTIAL, kilovolts 


100 A20 d 100 


Fic. 2. Relative air dose rate os. peak potential. 


Film-Screen Combinations and KVP. 


1161 


2: a 


$ à 
7 


RELATIVE DOGE, mr 


5 
4 


dn 


75 L ale L 


140 


-e——90—9—9-9 
X] Lo] 








" 
[ 
E 
8 


PEAK POMIMIAL, kilovolts 


Fic. 3. Relative incident air dose vs. peak potential 
to produce a diffuse density of 1-0 on standard 
film-screen combinations. 


except the Ilford H. V. screen s parallel to 
that of the common combinations shown 
in Figure 1. Our observations indicate that 
there is usually a relatively greater dose re- 
duction obtained from the combination of 
a "high speed" screen with a standard film 
than from the converse, i.e., a standard 
screen and a "high speed" film. This is in 
substantial agreement with deta reported 
in 1948 by Van Allen.! 


Jacob Kastner, Ph.D. 
Picker Research Center 
1020 London Road 
Cleveland to, Ohio 


We are indebted to Mr. Frans Dreisinger, 
Director of Medical X-Ray Education, for 
pointing up the medical interest in this problem. 
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x-ray intensifying screens and films—IIH. Pid. 
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AN IMPROVED PATIENT HANDLING DEVICE* 


By HUBERT S. SEAR, M.D., and FREDERICK J. DORAN 


BOSTON, MASSACHUSETTS 


Heus patients often are not only 
unable to stand, but even unable to 
move from a litter to a roentgenographic 
table. There is a need, therefore, for a de- 
vice to assist technicians in moving these 
patients. Such a device should offer the 
following features: (1) for the patient it 
should be safe and should necessitate prac- 
tically no exertion; (2) for the nurses and 
technicians who use the device, it should 
require the exertion of so little physical 
strength that it is easy for even an unas- 
sisted woman to use; and (3) for the hos- 
pital which pays for the device, it should be 
inexpensive and capable of being made in 
the maintenance shop. A device meeting 
these specifications has been developed. It 
was found, incidentally, that it allowed 
special roentgenographic projections not 
otherwise easily obtainable. 

Figure 1 is a photograph of the device 
when not in use. A Hover lift,* which con- 
sists of a boom elevated by a hand operated 
hydraulic cylinder mounted on casters, 
was modified. The U-shaped base was 
widened in the hospital maintenance shop 
so that it would straddle the pedestal of the 
x-ray machines. A horizontal plate was 
then welded to the end of the boom. Chains 
with hooks at each end connected this plate 
with the U-shaped cradling device shown. 
The arms are about 193 inches wide and 
10 inches apart. 

Figure 2 shows two rods inserted in a 
canvas stretcher and engaged by the lift. A 
patient is seen suspended in the lift and 
positioned for a lateral chest roentgeno- 
gram using the table Bucky diaphragm. 
The suspension arrangement shown pre- 
vents the patient from swinging and re- 


* Manufactured by Ted Hoyer and Company, Oshkosh, Wis- 
consin. 





Fic. 1. The appearance of the device when not in use. 


duces the need to change his position in 
order to balance the stretcher in the hori- 
zontal position. 

The canvas stretcher is the key feature 
of this device. It is obvious that, once the 
patient is on the canvas, the lift can be 
easily engaged and the patient can be 
moved anywhere in the hospital without 
further effort. Since the canvas is radio- 
lucent, roentgenography and fluoroscopy 
can be done through it without interference. 
The long bars in the stretcher lie to the 
sides, well out of the roentgen-ray field. 
Initially, the canvas can be worked under 
a patient by rolling him from side to side 


* From the Department of Radiology, Lemuel Shattuck Hospital, Commonwealth of Massachusetts, Department of Public Health, 


Bostcn, Massachusetts. 
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in the same manner that the sheets are 
changed; or, alternatively, the orderly who 
is to move a litter patient may take a 
canvas stretcher with him and spread it 
over the litter before the patient is placed 
on it. 

When this device was used in the X-Ray 
Department, the necessity for the orderly 
to make a judgment about the ability of a 
patient to stand or move by himself was 
eliminated by having every patient who 
needed a litter in order to get to the De- 
partment brought on a canvas stretcher. 
The decision to use the lift was then made 
in the Department. 

A number of these canvas stretchers were 
available since they were easily made by 
the hospital sewing room. Soiling of 
stretchers due to accidents (as, for instance, 
those terminating barium enemas) was not 
a problem as they were easily laundered in 
the hospital. 

It should be noted (Fig. 3) that, when 
the patient is lifted, there is considerable 
sagging in the canvas stretcher. This has 
three functions: (1) it prevents disoriented 
patients from rolling over the side; safety 
is further augmented, incidentally, by the 
position of the cradling device, which pre- 
vents the patient from sitting up; (2) when 





Fic. 2. The device holding a patient for a lateral 
roentgenogram of the chest, using the table Bucky 
diaphragm. 


A Patient Handling Device 
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Fic. 3. Slack, built into the canvas stretcher, allows 
decubitus roentgenograms to be obtained without 
effort and gives the patient a sense of security. 


placed on an x-ray table, the excess ma- 
terial ensures that the rods fall over the 
sides and well outside the field to be 
roentgenographed; and (3) lateral roent- 
genograms can be obtained by placing the 
patient, suspended in the lift, against a 
wall-mounted film holder or against the 
table which has been rotated into the ver- 
tical position (Fig. 2). Excellent visualiza- 
tion of pleural fluid can be obtained in this 
way without effort by the patient. 

Several other applications of this device 
have been worked out in our hospital. Bed 
patients can be weighed by inserting a 
spring scale between the boom and the 
center of the cradling device. Paraplegics, 
supported on a tighter stretcher, may be 
safely bathed in an ordinary bath tub. 

Also, there appear to be obvious ap- 
plications in other departments. The trans- 
fer of anesthetized patients from an operat- 
ing table after a delicate operation is some- 
times roughly performed. Similar handling 
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of patients delivered from the accident year and, by performing the functions 
ward (with fractures, for example) does mentioned above, has gained considerable 
not help their treatment, yet up to now was acceptance by patients, physicians, nurses 
unavoidable. This device can make patient and technicians. 
handling in these circumstances safer for 
the elis and effortless for the per. Hubert S. Sear, MD. - 

Lemuel Shattuck Hospital 
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Lawrence Reynolds and The American Roentgen 
Ray Society 


Wira the death of Lawrence Reynolds, the American Roentgen Ra» Society 
in particular and medical journalism in general have suffered a loss which 
will >e felt for many years to come. Although Dr. Reynolds was a vigorous 
member and eminent President of this Society, as well as of severzl others, 
he will be best remembered for his immeasurable contribution as Editor of 
the AMERICAN JouRNAL or RoEvTGENOLOGY, RADIUM THERAPY & NUCLEAR 
Meracine, the official organ of the American Roentgen Ray Society and the 
American. Radium Society. Dr. Reynolds was first associated with the 
JovrNar as an Assistant Editor in 1928. In 1930 he became the ed tor and, 
until his death, he held that position continuously with the exception of the 
years 1947-1949 when he was President-Elect and President of the American 
Roer tgen Ray Society. I doubt that anyone can really appreciate the amount 
of time and effort that Dr. Reynolds so selflessly gave to the Society in those 
thirtv years, but the results are obvious to even the most casual reader of 
the jovgNAL. Without exaggeration or fear of contradiction, one cen truth- 
fully say that the envious position which the JounNAL now occupies in the 
field of medical publications is, in a very large measure, due to the untiring, 
skillful and tactful editorial managing by Dr. Reynolds. 


It can be stated that Dr. Reynolds was a “natural” for the position of 
Editer, for not only did he have the necessary intellectual interests and abili- 
ties but he also possessed limitless patience and great tact combired with 
a remarkable administrative capacity and a wonderfully warm personality. 

Dr. Reynolds’ avocations, too, were centered around literary activities 
and curing his lifetime he assembled a valuable collection of rare and first 
edition medical books. A number of libraries throughout the country made 
use oF Dr. Reynolds' wide knowledge and experience in activities of this sort 
and for years he served on the library governing boards of such institutions 
as Yale University, University of Michigan, Wayne County Mecical Li- 
brary Commission and the City of Detroit Library Commission. 

The American Roentgen Ray Society knows full well that it can never 
adequately express its appreciation for Dr. Reynolds' years of distir guished 
and devoted service. Nevertheless, it does wish to récord on this page in 
these few feeble words the position of great honor and affection he sc rightly 
deserved and in which his memory will always be held. 


Joux F. Roacu, M.D. 
Chairman of the Publication Comittee 
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Resolutions of the Detroit Roentgen Ray and 
Radium Society 


Wuereas the death of Doctor Lawrence Reynolds occurred on August 17, 
196r and 


Wuereas Doctor Reynolds was one of the earliest and most eminent mem- 
bers of this Society and 


WHEREAS he brought renown to this Society by the excellence and multitude 
of his scientific productions and by his great ability as a teacher and as a 
practitioner of our profession and 


WHEREAS Ais great energy and humanity and his concern for and excellent 
care of the afflicted served as an example for our membership and 


Wuereas he set a high standard for our practice and was at all times to us a 
teacher and friend, be tt therefore 


Resouven that his death be recorded in the minutes of this Society with a 
feeling of high regard for his memory and a deep sense of loss to all mem- 
bers of the Society, and be it further 


RESOLVED that a copy of this memorial be submitted to the AMERICAN 


Journat or RoeNTGENOLOGY, Rapium THERAPY & NucLEAR MEDI- 
ciNE and to Radiology. 


1166 


Lawrence Reynolds and Harper Hospital 


When Lawrence Reynolds was graduated from the Ozark, Alabama, high 
school in 1907, his teacher, Mary Newton, presented him with two volumes of 
Oliver Wendell Holmes’ “The Autocrat of the Breakfast Table." Mary 
Newton's inscription read: "Lawrence: Acquire the genial humor, the ready 
wit, and the broad culture of the recondite old aristocrat." 

Taat he succeeded in fulfilling Miss Newton’s fondest hopes for him, all 
of his associates at Harper Hospital can affirm. It has been my privilege to 
serve as President of the Board of Trustees luring the entire time of Dr. 
Reyaolds' association with Harper Hospital and to observe his influence in 
our mnstitution. 

This young doctor, dedicated to a young specialty, came to us shortly after 
the conclusion of World War I. He lived and worked as an influential member 
of oer "Family" from that time until his death. He was devoted to his pa- 
tients, his profession, and to the welfare of this institution, and his devotion 
was enriched by "genial humor," "ready wit," and "broad culture." 

Taese qualities gave him insight into problems frequently onerous to the 
praczicing physician, problems like the practical ones of institutional organ- 
ization which face a Board of Trustees. He knew, too, that the physician's 
ethics and ideals frequently impose conditions which perplex even the most 
informed laymen, like members of a Board of Trustees. He knew that each 
bod» needed interpretation to the other so that they could work together to 
fill taeir common purpose. And he was uniquely fitted, largely through prac- 
tice of his old teacher's advice, to fill the function of interpreter. Dr. Reyn- 
olds. throughout his career at Harper Hospital, had an unusual comprehen- 
sion. of the legitimate interests of both. As Chief of our Department of 
Rad ology, as well as in his later position as Chief of the Medical Staff, he 
worked ceaselessly for that ideal balance which inevitably results in insti- 
tuticnal progress. 

Illness was the only reason for his ever missing a meeting of the Board of 
Trustees during his tenure as Chief of the Medical Staff—and happily, there 
were very few such occasions. Ours was a long and pleasant association. He 
gave generously of his personal time and abilities to ensure that our mission 
could be effective in our community. 

It was not only in his professional life thar Dr. Reynolds was a man of 
“bread culture." His name could always be found in the list of sponsors of 
any worthwhile community endeavor. This was not a perfunctory listing, for 
where his name appeared, he was active, and his active participation served 
our 3ospital well. One always knew that Dr. Reynolds’ interpretations of 
need, and recommended actions on behalf of the Medical Staff he represented, 
were based upon the ultimate welfare of the patient, and that he had care- 
fully considered this in the light of his knowledge of our community, as well 
as ir the light of the profession he served so well and faithfully. We are 
grateful that he was with us for most of his loag and fruitful career, and we 
shall sorely miss him. 

RicHagp H. Wegger, Chairman, Board of Trustees, Harper Hospital 
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Lawrence Reynolds and Wayne State University 
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June 14,1956 


LAWRENCE REYNOLDS, 


a native of Alabama ; a graduate of of the University 3 
Alabama in 1212, and oF the Medical School ofthe 
Johns Hopkins Un im 1916; he has carried 
on the private, practice of Toe ntgenolog gy m Detroit 
a ides, andes for eleven qas Vas beew Professor of 
Radislogy, im the Wayne University Medial School. 


Re ys he has served as Chi xef of the cien i cad 
and as Chig Chairman 
$ the res oT dm Cranrittee dd ‘the ‘per at igs 
Detroit. 


Honored his alma mater with the degree 
Doctor of Laws, and b radiological soceties in 
Germany, Italy, and Glombia wrth honorar 
memberships, pas edited the American Journal oF 
Roentgenology, Radium Thera, v d Nuclear Medicine 

since Í 
Through the years he has brought together one of 
the worlds gr Awake | collections of 1 Medical texts 
and «reartses. Noted’ for is knowledge of librar 
wisitions, he is nirrently an Honorary Trustee 
Yale Medical Library Asshciatés, a Meanber of 
Committee of Managenunt of the Clanents 
P) of d iere of Michigan, Chairman 
Medical library mmissi tlie Wayne 
pee Medical Society, a Memrber of the Groliet 
Ctub of “New York Cc od. of che Harvey Cushin 
Society. As Preside: he Detroit Public Librar 
vue und he has brought to local problems the 
buadth of view and deep Wisdom of his national 
"rade d 
me Universi roud 1o recognize the work of 
ipo coum xveat£st radiologists. His 
Wet etime devotion t5 scholarly work as Editor and 
M. Mile, his own research dnd lus encouragement’ 
aw young boo ote ipo his direction 
ga ano a great ho He naye helped. to shape 
outta n p modern radiolog ial medicite. 
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IN THE passing of Lawrence 
Reynolds, the cause of scholar- 
ship and intellectual excellence 
lost a firm friend. His entire 
medical career was one in 
which the teacher, investi- 
gator, bibliophile and practi- 
tioner of the skills oz radiology 
were artfully blerded. His 
service to medical education 
was a long and varied one. 
When he returned from over- 
seas service in World War I, he 
took a post as Instructor in 
Roentgenology at the Johns 
Hopkins University Medical 
School. This appointment so 
soon after graduation was in- 
deed a rare thing in academic 
medicine in the period before 
1930. The following year he 
went to Boston to Harvard 
and the Peter Bent Brigham. 
He remained in Boston as 
roentgenologist at the Brig- 
ham and Instructor in the 
Harvard Medical School. 

In 1922 Dr. Reynolds came 
to Detroit and entered the 
private practice of roentgenol- 
ogy. However, this activity 
gave him only partial satisfac- 
tion. The world of books and 
the world of le earning which 
had captured his attention as 
a youngster would not be 
denied. Along with his busy 
professional life, he began to 
collect those volumes which 
are now the care of the Reyn- 


olds Library in the University of Alabama. His knowledge of medica history 
grew with the library. His fine discrimination and his desire to achieve per- 
fection made it possible for him to assemble a collection which con tains the 
finest copies extant of man y of its items. 

In 1945 Dr. Reynolds was appointed Professor of Radiology and Chairman 
of the Department of Radiology in Wayne State University. He served the 
University well for seven years. In this time he brought to hfe a department 
which had suffered through the agony of World War H as well as chronic 
budgetary inanition. When this had been done, he urged the prempt ap- 
pointment of his successor and resigned as Chairman of the Department. He 
contiaued to serve the University as Clinical Professor of Radiology until 
his seventieth year when he became Professor Emeritus. He brougat great 
distinction to the College of Medicine and faithfully attended to his duties 
as teacher, especially in the areas of graduate instruction and residen- educa- 
tion, 

In recognition of his great attainments in the world of books, his service 
to the Public Library of Detroit, the Yale Medical Library, Clements Library 
of the University of Michigan and to Wayne State University, Dr. Lawrence 
Reynolds was granted the degree of Doctor of Laws in 1956. This was but 
one of many honors which came to him the last fifteen years of his life. He 
deserred them all. His colleagues will long remember him with respect and 
affection. 


Gorpon H, Scorr, Vice President for Medical College Development 
and Dean, College of Medicine, Wayne State University 
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Lawrence Reynolds as a Teacher 


"| wiLL share my precepts, oral lessons, and any knowledge with my sons, 
with those of my master, and with pupils bound by a promise and an oath 
in accordance with medical law." A covenant injected into the medical con- 
science of all of us by Hippocrates, unrequited in the activities of many, but 
accepted each day by Lawrence Reynolds, M.D. As a proponent of the swift 
accurate interpretation of the roentgen shadow, he certainly taught all by 
example. 

And yet, teaching was more to him than this. 

At some time during his long career he became imbued with the impor- 
tance of diffusing medical learning. Perhaps this developed as he read to his 
blind physician father in rural Alabama. A frequent text was Sir William 
Osler’s Principles and Practice of Medicine.” The latter's views on teaching 
were strikingly similar to his own. "Replace the Chinese with the Greek 
spirit, enable him (the student) to seek knowledge for itself... the pupil 
and the teacher working together on the same lines, only one a little ahead of 
the other." Dr. Reynolds approached education as though he felt that teach- 
ing was the perpetual Messiah of medicine; the constant connection between 
the established and the aspiring, the bond between accepted fact and better 
ideas. He cultivated the ability to instill an intellectual respect within the 
student without pre-empting questions or rebuttal. He knew how to sustain 
the interest of his residents, plant the seeds of original investigation, or at 
times to spoon feed when this was the most expedient kind of informative 
nutrition. His greatest talent was his ability to prevent his mere presence or 
renown to persuade or unduly influence his residents or students. He chose 
to counsel, but not to overawe. 

Training in radiology began at Harper Hospital in 1920. Somewhat later a 
formal residency program was inaugurated. For many years punctually at 
7:30 AM. residents and, subsequently, students from the Wayne State 
College of Medicine clustered about Dr. Reynolds in the reading room. These 
sessions usually lasted for two or three hours. He disdained the formal lecture, 
preferring the spontaneity of the day’s cases for his teaching purposes. Pro- 
tocol was limited to the painless introduction of the neophyte into the discus- 
sion with "Would you continue to employ this man with a chest that looks 
like this?" He was the faculty and all of radiology was his curriculum. His 
film descriptions were always punctuated with shrewd clinical insights or 
embellished by the recall of a conversation with Drs. Harvey Cushing, Henry 
Christian or some other titan. The mornings were further enriched by his lore 
of the history of radiology and colorful sketches of its pioneers. Retelling one 
of Sir William Osler's stories about himself, he pointed out the importance of 
à circumspect differential diagnosis. Shortly after Dr. Osler came to Balti- 
more he was asked to see an elderly and important gentleman. Examination 
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revealed a large pelvic tumor, and a diagnosis of inoperable sarcoma of the 
pelvis was promptly made. As gently as possible Dr. Osler explained the con- 
dition to the patient’s wife and advised that a surgeon see the case. The same 
day the surgeon came and removed the tumor with a catheter. Similar 
poin ed, often humorous stories usually adjourned our meetings. 

He schooled his residents in good radiologic manners and practicality. His 
maxixms were simple. Courtesy should be the trademark of the radic logy de- 
partment. Service is the prime consideration extended to the attending 
physician. Examinations should be conducted quickly with initial accuracy. 
We were always cautioned to examine and talk to the patient so as to be able 
to extract the most from the roentgenograms. He once said that a radiologic 
report should read like the Egyptian Rosetta Stone: meaningful to all who 
might have occasion to peruse it. 

As a Charter Diplomate of the American Board of Radiology he was well 
acquainted with the scope and aims of 1ts certifying examinations, He had a 
recurring.penchant for keynoting the diagnostic entities and procedures likely 
to be emphasized from time to time. Grooming such as this helped -o lessen 
the incubus of intensive study and provided the tangible tools for shaping a 
profizable plan of preparation. 

A certain filial charm fitted him well for his roie as Professor of Radiology at 
The Wayne State University College of Medicine. The young men, many of 
whom affiliated with the program largely because of Dr. Reynolds, right- 
fully came to expect his facile solutions to their most perplexing medical and 
personal problems. He was adviser, confidant and intercessor to many. In 
those interns, students and residents merely passing through the x-ray de- 
partraent, he tried to create an appreciation for the proper place of radiology 
in the spectrum of medical specialties and for the role of the radiologist in the 
care ef the patient. 

The literature abounds with his medical papers and editorials, and these, 
too, serve to convey knowledge. They cannot supplant the daily vis-d-vis 
contact we had with this superb radiologist. He was available. He was ap- 
proachable. His time was not of the essence. He never spoke from 2 profes- 
sorial whirlwind. He passed the baton of knowledge with the grace of an 
Olympian. 

In ourneyman fashion our local newspapers concluded, "Doctor Reynolds 
leaves no immediate survivors." More correctly, he left none who survives 
him enly immediately. Some of us are his disciples; some his ambassadors, a 
very sew may become his peers. We all havea legacy in his encouragement to 
try to learn something from everyone. Through his teachings we | nk him 
with somorrow. In the words of Henry Adams, “A teacher affects eternity; he 
can never tell where his influence stops." 

James J. Sniper, M.D., Former Medical Studeni, Wa yne College of Medicine 
and Assistant Radiologist, Harper Hospital 
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The Lawrence Reynolds Library* 


On Sunpay afternoon, February the Second 1958, The Lawrence Reynolds 
Library was dedicated by impressive ceremonies at the University of Ala- 
bama Medical Center in Birmingham. This Library, which contains one of 
the world’s finest and most valuable private medical collections, was donated 
to his Alma Mater and his native state by Dr. Lawrence Reynolds, Editor of 
this JounNAL, who spent a lifetime acquiring it. 

This rare collection is housed in a special wing which the University has 
built as an extension to its new Medical Center Library. It consists of nearly 
6,000 individual pieces of original manuscripts, autographed letters and old 
medical books, some of them dating back to the aftcenth and sixteenth cen- 
turies, representing a of highest achievement in Renaissance printing. 

The section of original manuscripts includes, among others, the fourteenth 
century manuscripts of Arnoldus de Villa Nova entitled Regimen Sanitatis ad 
regem Aragonum and John of Toledo’s Dietarium; the original manuscript of 
the article on The Stereoscope and Stereograph, contributed to the Atlantic 
Monthly in June, 1859 by Oliver Wendell Holmes; and, of the more recent ones, 
the address on The Discovery of Radium by Mme Marie Curie (Sklodowska) 
delivered on May 14, 1921 at Vassar College, Poughkeepsie, New York, with 
an autographed photograph. 

The letter section contains all the correspondence of Louis Pasteur with 
the Mayor of the village on silk worm disease, consisting of 20 holographic 
letters of Pasteur (1866-1889), 8 letters in the hand of Mme Pasteur, and 2 
unpublished photographs; the letter of Louis Pasteur to Monsieur Marchand, 
dated August 12, 1881, on rabies; and other items from the pen of this giant of 
science who revolutionized both industry and medicine i applying labo- 
ratory knowledge to fight disease. There are also signed letters with typed 
transcripts by Sir William Osler to his "good friend Ned Milburn" (1865— 
1919), and two original letters from Wilhelm Conrad Róntgen and Frau Wil- 
helm Conrad Róntgen to Louis Grauel; and others. 

Of the large section of medical books of the sixteenth and seventeenth cen- 
turies, three groups deserve special mention. It is now generally agreed that 
the foundations of modern medicine were laid down in this period by three 
epoch-making contributions. In 1543 the first complete text book on human 
anatomy was published by Andreas Vesalus entitled De humani corporis 
fabrica librorum epitome, Johannes Oporinus, Basel. This book, as well as 
Vesalius’ other contributions, was illustrated with magnificent drawings by 
van Calcar, a pupil of Titian. The Library contains not only Vesalius' text- 
book in its first edition but also other works of the truly great anatomist, 
several later editions of his works and a group of books on the works of his 


* Reprinted from: Am. J. ROENTGENOL., Rap. THERAPY & NucLEAR MED., April, 1958, 79, 726—727. 
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teacher, Sylvius, who from a friend turned in<o a bitter foe, of Faliopius and 
Eustachius, his successors, and of other famed anatomists of the pe-iod, most 
of whom became “Vesalius converts.” This study of the "fabric" of the hu- 
maa body based on pure research was soon followed by an interest based on 
sim: lar ground in the functions of the human body. Among those who pursued 
suci a course was Andreas Caesalpinus, who, in his Peripateticarum Ques- 
Hoiaun Libri Quingue published in Venice in 1571, began speaking of the 
"eisculation" of the blood. His bold theory, however, was not supoorted by 
experimental proof and thus he had no influence on his contemporaries. 
Later in 1628, at the book fair in Frankfurt, a slender, poorly printed volume 
was displayed by William Harvey on the Exercitatio anatomica de wotu cordis 
et senguinis animalibus, presen ting for the first time experimental proof that 
the heart acts as a pump causing circulation of the blood throughout the 
body. The books of Caesalpinus and Harvey and 12 other texts and facsimiles 
of tae book of Harvey published in different countries form the nucleus of the 
secc nd group of works, con taining the contributions of Fabricius Hieron ymus 
of Awquapendente, Harvey’s teacher, on De venarum ostiolis; of Francis Bacon, 
one of Harvey's most notable patients, on. /nstauratio magna (Novum or- 
gan sm); Harvey's second great work Exercitationes de Generatione Animalium 
(16:1) on embryology and man y similarly rare items. The third group of col- 
lect ons of this period is highlighted by works of Ambroise Paré, the greatest 
surgeon of the sixteenth century. Paré based his practical surgery on the new 
concepts expounded in Vesalius’ De Fabrica and, after being able to conquer 
the orejudices of the time, introduced sound methods for the treatment of a 
rather significant number of lesions. His infiuence on contemporaries and 
successors for the next two centuries is amply reflected by the m any con- 
tribations comprising this group. 

Ir 1600, William Gilbert published his epochal work De magnete, magneti- 
cisqge corporibus et de magno magnete tellur; physiologia noua, pluri nis argu- 
menis experimentis demonstrata, establishing the basis for the fcrmidable 
scierces of magnetism and electricity, which were to develop. The early 
progress was rather slow until the middle of the eighteenth century when 
Ben amin Franklin in his extensive Experiments and Observations on Elec- 
trict y Made at Philadelphia defined "positive" and "negative" electricity 
and zonsidered, among many other things, the possibility of curing palsy by 
electric shock. In 1786 Luigi Galvani discovered “animal electrici-y." This 
was followed in rapid succession by Alessandro Volta’s construction of the 
first electric pile, as communicated in a letter to the Rt. Hon. Sr Joseph 
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Bans (1800); by Hans Christian Oersted’s Experimenta circa effectum con- 
flictrs electrici in acum magneticum (1820), establishing a link between elec- 
tricity and magnetism; by André Marie Ampére's Mémoire présenté à 
l Acedémie Royale des Sciences sur Paction mutuelle entre deux courants électri- 
ques $1820), describing the mutual effect of two electric curren ts; anc by G. S. 
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Ohm's work in 1827, formulating the relationship between voltage, amperage 
and resistance. Then in 1837, Faraday and Henry discovered electromagnetic 
induction. These important works and many shen in the chain of develop- 
ment of the two sciences form an eminent part of the Library and constitute a 
monumental introduction to the vast collection of more recent contributions 
in the field of radiology. 

Among the more recent contributions are also many rare works from other 
branches of medicine, as exemplified by some 40 writings from the pen of Sir 
William Osler, the great physician of modern times; an almost complete set of 
Harveian Orations, beginning in 1865; an extensive compilation of Nobel 
Prize Papers; and others. 

These are but brief heuristic glimpses into a magnificent Library. It is 
written on the dedication plaque do graces its entry: "Each time one of you 
reaps from the great minds of the past the desire for finer achievement in 
yout profession and nobler development of your own character, The Reynolds 

ibrary will have been rededicated.” In the ancient words of Terentianus 
Maurus spoken in 1286, Pro captu lectoris habent sua fata libelli. 


TRAIAN LEUCUTIA 
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Lawrence Reynolds and the Detroit Public Library 


Ix DECEMBER of 1960, Dr. Lawrence Reynolcs, for the third time, completed 
a term as President of the Detroit Library Commission. It is indicative of his 
thinking that the final paragraph of his last presidential report included this 
quotation: 

“What may be emerging as a mark of our own generation is a widespread re- 
newal of concern for the quality 
anc intellectual aims of educa- 
tion.” City aEXletroil 

This statement, quoted 
from Jerome S. Bruner, ap- 
peeled to Dr. Reynolds be- 
cause for the seventeen years 


EXECUTIVE OFFICE 
ALBERT E COBO L 


CITATION FOR MERITORIOUS SERVICE 


during which he served asa T 

member of the Detroit Library 

Commission he consistently 

supported every effort to make Dr. Lawrence Reynolds 

this Library one which was 

dis "inguish ed for excellence in In benalf of your fellow citizens of Detroit and of your 

its book collections and in its City Government, this citation is presented to you as 

service. an expression of appreciation and gratitude sor your 
Dr. Rey nolds was first ap- many years of meritorious service as a member of the 

pointed to the Detroit Library LIBRARY COMMISSION 


Commission in 1944, to fill an 
unexpired term, and was re- 
appointed to six-year terms in = 
1949 and 1955. Thus he was 
just completing seventeen 
years of continuous service, 
more than any other current 
Library Commissioner, when 
his death occurred. The years 
spanned by his service were 
unusually important ones for the Library: the departmentalizat on of the 
Main Library was completed with the establishment of ive new departments; 
ten new branch libraries were erected; a $500,000 service building was built 
to house the Library’s extensive building maintenance shops and its large 
bock bindery; and finally, after years of striving to have the beautiful Main 
Library enlarged, construction of a ten-million-dollar addition was started. It 
is regrettable that he didn’t live to see the building occupied, which it is anti- 
cipated will be about a year from now. 

Though he recognized the need for adequate buildings for the Library, his 
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interests were largely centered on books and their use. He revered fine books, 
and frequently visited the Rare Book Room; he respected the printed page of 
any book whose author had integrity and competence, and he had an active 
interest in trying to make library service available to adults and children, to 
scholars and beginners, to specialists and to those whose reading is broad in 
scope. It is interesting to note that while he was busily studying the library’s 
books on small country libraries, with a view to helping his home town, 
Ozark, Alabama, develop a sound beginning for a community public hbrary, 
he was also involved in providing a firmer base of support for the medical 
library in Detroit. The culmination of the latter is best covered by quoting 
from his 1949 report as President of the Detroit Library Commission: 

"The support, adininistration, and function of the Medical Science Library 
having become more and more confused through the years, it was finally decided 
by the Detroit Library Commission that the best interest of the people of the City of 
Detroit would be realized by putting its 51,000 volumes under the management of 
the Medical School of Wayne University. ... By the accomplishment of this 
transfer, the sole responsibility for the care and maintenance of this Medical 
Science Library rests with the Medical School of Wayne University.” 

The instrument of transfer, however, at Dr. Reynolds’ insistence, con- 
tained assurance that the Medical profession of the Detroit area should al- 
ways have free and ready access to the Medical Science Library. 

Quite apart from whatever his accomplishments were in his chosen profes- 
sion, he was a person who quietly and unselfishly assumed more than his full 
share of obligations to society in general. 

In manner, Dr. Reynolds has been described as courtly. An innate gra- 
ciousness, a sensitive consideration for the feelings of others, and a pleasant, 
quiet dignity characterized him at all times. These fine qualities were as evi- 
dent to the building guards and the elevator operator as they were to the ad- 
ministrators and the Commissioners of the Library. 

Within days after his death, a very beautiful tribute from a non-medical 
professional acquaintance in New York was received. Two paragraphs of that 
letter are quoted here, as they pay tribute to him as an outstanding person 
who distinguished himself in service given beyond his own profession. 

“He was a man of culture, intelligence, energy and breadth of vision, and 
therefore highly qualified as a member of the Library Commission. 

“This physician typified to me what a fully developed human being should be, 
and it is comforting to realize that the human race from time to time can produce 
such an outstanding scholar and citizen." 


Raren A. UrvgrING, Director, Detroit Public Library 
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The Heritage of Lawrence Reynolds 


A MAN'S heritage may in part determine his course through life. Many, im- 
buec with the finest of inheritance, fail to appreciate its value, to utilize it, en- 
hance it and to pass it on with enrichment to those who follow. Few men have 
succeeded so admirably in nurturing and embellishing an already rich herit- 
age as did Dr. Lawrence Reynolds. 

Bern in lower Dale County, Ala- 
bama, Dr. Reynolds was reared among 
gracous, hospitable people in the post 
recomstruction period of our nation's 
histary. That this portion of his herit- 
age may have been changed is related in 
an anecdote known to his family and 
pertains to the emigration from the 
State following the Civil War. Two such 
movements occurred, the first cul- 
mineting in 1869 and the second in 
1873-1874 with most of the emigrants 
going to Texas, while others went to 
Brazl, Mexico, the North, Tennessee 
and Georgia. It was estimated at that 
time that the State lost more of its 
population by this emigration than by 
the effects of the war itself. Dr. Reynolds’ grandfather, it is said, may have 
been prompted to participate in this emigration but was induced to stay in 
his beloved Alabama to care for the local populace. 

The Reynolds family? is descendant from English and Welsh immigrants 
to this country in the early seventeenth century who settled on the Rapidan 
River, Isle of Wight County, Virginia in about the year 1637. An ancestor, 
George Reynolds, was born in 1555 in County Kent, England and gave issue 
to some children who settled in Virginia while others came to the New Eng- 
land states. Two well known descendants of George Reynolds were Samuel 
Langhorne Clemens, known to all the world as Mark Twain, and Nancy 
Witcher Langhorne who later became Lady Astor. Dr. Reynolds shared his 
family heritage with these distant cousins along with many distinguished 
military officers and other persons of eminence. 

The Reynolds coat of arms, the proud possession of a great family, had its 
begirmings in the days of antiquity. The family's ancestry is traced to 
Norman origins claiming descent from Reynolds, son of Greyferth—The 





1 Cial War and Reconstruction in Alabama. Walter L. Fleming, Columbia University Press, New 
York, | 949. 
? Re-nolds Family—1530-1959. The Goetz Company, Washington, D. C., 1959. 
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Dane— King of Northumberland. Greyferth and his two sons were driven 
from England about 944 A.D. and took shelter in Normandy. Fitzreynolds 
(meaning son of), one of the sons of Reynolds, returned to England with 
William the Conqueror.* 

Dr. John Adams Reynolds, Lawrence's paternal grandfather, was born in 
1819 in North Carolina and moved to Alabama at the age of seventeen, later 
practicing medicine there for a period of forty-seven years. His medical 
diploma from a school in Cincinnati is dated February 25, 1845. He died in 
1891, two years after Lawrence's birth and, therefore, the grandfather's 
heritage of medicine was handed down through his son, Dr. Robert Davis 
Reynolds, born in Alabama in 1845, who had his preliminary medical educa- 
tion in Mobile in 1872, just seven vears after the close of the Civil War. 

“Dr. Bob" served as a First Sergeant, Company F, 6th Alabama Cavalry, 
having enlisted in April, 1865 at the age of sixteen in T. A. Abercrom)ie’s 
Division. After his return from the war, Dr. Bob went to the medical school 
in Mobile and in 1872-1873 practiced with his father at Skipperville in Dale 
County until the fall of 1880 wher he returned to the Mobile Medical School 
and graduated with the degree of M.D. He then practiced in Skipperville for 
nineteen years, subsequently moving to Ozark, Alabama. Dr. Robert Davis 
Reynolds was blind throughout a large part of his professional life. Thus 
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young Larry became his father's eyes as he went about his rounds. Exposure 
to the practice of medicine in this somber and impressive way reminds us of 
Sir William Osler's “The Student Life," in which he states “Amid an extreme 
heritage of sorrow and suffering our work is laid." Undoubtedly this is the 
medical heritage which induced Lawrence to become a physician, one who 
never lost the warmth that is so necessary in the proper care of the sick. 
Lawrence Reynolds went to the Johns Hopkins Medical School in 1912, sub- 
sequently entered World War I, returned to Johns Hopkins, and later be- 
came associated with Peter Bent Brigham Hospital and Harvard University 
in Boston. In 1922 he came to Harper Hospital in Detroit. 
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Earper Hospital had its birth during the War between the States and it was 
through Dr. Reynolds’ interest in this conflict that a copy of an original order 
from the Surgeon-General of the United States Arm y, dated July 26, 1865, to 
convey a detachment of 137 soldier-patients to the "Harper" U.S.A. General 
Hospital was procured and presented to the historical collection of the 
Harper Library. 


Criginally Harper Hospital Was 


a series of eleven frame buildings orion or 
faciag Woodward Avenue. At the Medical Ditector of Transportation, 
a a 2 

end of the war, a local Board of [6777 E IET Zo diu 
Trustees assumed control of the ; 
hospital with the provision that CA 4: 
Civ] War soldiers would continue Pegeen Commn: dmg 
to be cared for. iare down? Aree 

Later, in 1865, Harper Hospital pret! Mord uu 
beceme the site of the Detroit uc - 

e. -= - . by uocem usn udo 

Mecical College, the first medical HT p oe 

h l H h Ci N iji- " : f eed or Fea n fore tee rpm Dm HE au 
schcol in the City, utilizing two o PUNIATUR 
the eleven buildings. In January, d ilias di oue armas Mosi diligitis: 
188. the Children's Free Hospital VAY) genie Mheud Dsareihdere May 
Asseciation was formed and Harper Ma PPP 
Hospital served as the first. chil- deme nean oh (g the Himera 
drer's hospital until December, 

^ eq* o E 
188% when the facilities at Harper ear Set it ae ty 
: Eo dare 
were outgrown and a new location : 
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was obtained on West Fort Street. 
An early lying-in facility, later re- 
sult ng in the formation of Wom- 
an’s Hospital, was also initiated 
at Harper Hospital. Still other 
insttutions, such as St. Luke's 
Hosoital and Church Home in 1867, had their beginning at Harper Hospital. 

Taus Dr. Reynolds became associated with a hospital which later was to 
achEve eminence among American hospitals but had its roots in the Civil 
War. The writer was privileged to be along with Dr. Reynolds, a charter 
meraber of the Harper Hospital Civil War Study Club, organized on Febru- 
ary 12, 1958. 

Dr. Reynolds’ ability to enrich his heritage is further manifested by his 
affe« tionate relationship with the scholarly Dr. Hickey, whom he first met in 
the European Theater of World War I and who was the Founder and First 
Editor of this Journar which Dr. Reynolds then subsequently edited for a 
period of over three decades. 

From this great inheritance of family, the South, the medical institutions 
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with which he was early connected, and his associates, Dr. Reynolds brought 
to his professional life charm, warmth and enthusiasm which have been an 
inspiration to many. Sir William Osler has said, “No bubble is so iridescent 
or floats longer than that blown by the successful teacher." Dr. Reynolds has 
blown many such bubbles in his illustrious career. To those of us privileged 
to have been associated with him the words from Psalms 16, Verse 6 are par- 
ticularly pertinent, "The lines are fallen unto me in pleasant places; yea, I 
have a goodly heritage." 
KENNETH L. KnABBENHOFT 
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Lawrence Reynolds—An Homage 


THE AMERICAN JOURNAL or RoENTGENOLOGY, Rapium THERAPY AND 
Nuciear Mepicine in its October, 1961 issue regretfully announced the 
death of its distinguished Editor, Dr. Lawrence Reynolds, which occurred on 
the evening of August 17, 1961 in Detroit, Michigan. The end came suddenly, 
with quiet grace and dignity, as he would have wished it to be—befitting his 
gentle nature and noble character, 

Lawrence Reynolds was born February 11, 1889 in Skipperville, a charm- 
ing cammunity near Ozark, Alabama. He was the eighth of nine children of 
Dr. Eobert Davis Reynolds, Sr., a practicing physician of that community, 
and cf Mary Frances Card. Two of his brothers, John Leonard Reynolds and 
Robert Davis Reynolds, Jr., as well as his grandfather, John Adams 
Reynolds, were also physicians. This excellent family background afforded 
him e wisely directed early education which undoubtedly carried the seeds of 
a brilliant medical future. After graduation from the Ozark High School in 
1907, he attended the University of Alabama and in 1912 received the degree 
of Bachelor of Arts. 

During these formative years of Lawrence Reynolds, the elder Reynolds 
gradually lost his eyesight and from the age of twelve the inseparable son be- 
came the "eyes" of his beloved parent, driving his horse and buggy on house 
calls, writing out his prescriptions and acting generally as his most trusted 
adviser. The cultured father was a great admirer of classical literature and 
was keenly interested in Sir William Osler and other contemporary medical 
giants, so young Lawrence did the thing that would give his father the most 
pleasure—he read to him night after night the texts that he was so fond of 
hearirg. This beautiful expression of filial attachment imperceptibly ripened 
into an inquisitive appreciation and love of his progenitors’ noble profession 
and the fall of 1912 found Lawrence Reynolds at the Johns Hopkins Medical 
School, eager to absorb knowledge from such famous men as William H. 
Welck, William S. Halsted, Joseph C. Bloodgood, Hugh Hampton Young, 
Howard A. Kelly and others. 

In June, 1916, upon receiving his M.D. degree, he timidly approached Dr. 
Frederick H. Baetjer, Professor of Radiology of that renowned institution, 
and within a short time became his first resident, thereby starting on an 
unexpiored trail which was to blaze for him so brightly later. 

In May, 1917, restless, now radiologically indoctrinated, young Lawrence 
was ready to move again, this time overseas with the American Ambulance 
Service, to care for the suffering soldiers in the European Theater of War. In 
view cf the fact that the Department of Radiology was under the administra- 
tion of the Department of Surgery, it was necessary for him to obtain “clear- 
ance" from the Chief, Doctor Halsted. This was granted rather reluctantly, 
with the provision that within six months he would return to his old post. 
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In the meantime, World War I had reached the climax in its fury. Captain 
Lawrence Reynolds remained with the A. E. F. for two years. During this 
s it was his good fortune to be the ccn at the American Ambulance 

ospital No. 1, later called the American Military Hospital No. 1, of the first 
Coolidge tube overseas which later was to revolutionize therapeutic radi- 
ology. This tube was presented for inspection by him to General Pershing on 
his visit to the hospital. 

Another of his good fortunes, and undeniably the most fateful event in his 
life, was to meet, while in the European Theater of War, among the many 
Allied radiologic celebrities, our own Major Preston M. Hickey, who went to 
France with the American Expeditionary Forces early in 1917 as roentgen- 
ologist with the Harper Hospital Unit—one of the first to be sent overseas. 
Major Hickey was early detached from that duty and assigned to the larger 
duty of Consultant in Roentgenology, visiting the base areas throughout 
France as an adviser to those charged with administration of the x-ray work 
in the entire A. E. F. In this capacity, Major Hickey often visited the Amer- 
ican Military aie No. 1 and always found Captain Reynolds hard at 
work, performing his exacting duties with faithful thoroughness, yet with a 
genial manner and complete equanimity. These comradely meetings under 
difficult circumstances later led to an enduring friendship and an extremely 
valuable collaboration between the distinguished Founder and the tride- 
cennial Editor of this JOURNAL. 

In May, 1919, Lawrence Reynolds returned to the Johns Hopkins Medical 
School, as promised, although at a later date than anticipated. He was made 
Instructor in Radiology with an assurance of rapid advancement on the 
ladder of academic promotions. As early as October, 1919, however, his quest 
for knowledge drove him to still newer grounds. Like the Medieval European 
student, who magnetized by the professors of a given institution, roved from 
one University to another, Dr. Reynolds was now found at the Peter Bent 
Brigham Hospital in Boston, where the celebrated Henry Christian and 
Harvey Cushing were the main attractions. From October, 1919 to May, 1922 
he was Roentgenologist at that Institution and from July, 1920 to May, 1922 
he was teaching as Instructor in Roentgenology at the Harvard Medical 
School. Yet, during these very important and fruitful years of his lize, he 
could not forget Major Hickey, his great friend of the American Expedi- 
tionary Forces, and Preston M. Hickey could not forget the brilliant young 
radiologist whom he met overseas. 

When, in 1922 Doctor Hickey was appointed Professor of Radiology at the 
University of Michigan in Ann Arbor, and abandoned the private practice 
of radiology, he used all his influence to persuade this brilliant young radiolo- 
gist to join the organization that he founded in Detroit in 1900. It was an 
auspiciously fortunate day for this organization, which already had the 
benefit of the administrative genius of Dr. William A. Evans, that Dr. 
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Reynolds accepted the offer and in May, 1922 became the third memter of the 
partnership, with the name of Drs. Hickey, Evans and Reynolds. 

From 1922 until his death Dr. Reynolds practiced and was a most ardent 
disciple of private radiology, advantageously supported and enhanced by 
scientific investigations and academic teaching. His innate qualities cf friend- 
liness, graciousness, and sympathetic concern for the welfare of his patients 
were transcended only by his gentleness, charitableness and unoounded 
gene-osity. 

After the retirement of Dr. Hickey from the partnership, the orgznization 
was known under the name of Drs. Evans and Reynolds, and, since tae death 
of D>. Evans in 1940, it has carried the name of Dr. Lawrence Reynolds and 
Associates. 

Dr. Reyrolds was appointed to the staff of Harper Hospital in 1922 and 
successively became Chief, Department of Radiology, Harper Hospital 
(1940); Professor of Radiology, Wayne University, College of Medicine 
(194:—19521; Clinical Professor of Radiology, Wayne State University, 
College of Medicine (1953-1959); Emeritus Professor of Radiology. Wayne 
State University, College of Medicine (1960-1961); and Visiting Professor of 
Radiology, University of Alabama Medical College (1960-1961). In addition, 
for many years he had been a Consultant in Radiology on the staffs of several 
other hospitals in Detroit. 

In 1945 and from 1948 to 1959 he was Chief of The Medical Staff Harper 
Hospital and Chairman, Executive Committee, Harper Hospital. 

Dr. Reynolds was a member or fellow of numerous medical societies. He 
was Past President of the Detroit Roentgen Ray and Radium Society, De- 
troit Medical Club, Detroit Academy of Medicine, American Roentgen Ray 
Sociery and American College of Radiology. 

Dr. Reynolds had received the honorary degrees of Doctor of Laws from 
the University of Alabama (1949) and the Wayne State University (1956); 
and the Honorary Citation of the Michigan State Medical Society (1959). He 
was an Honorary Member of the Radiologic Societies of German y, L:aly and 
Colombia. He was a Pancoast Lecturer (1941), Caldwell Lecturer (1944), 
Gold Medalist of the Radiological Society of North America (1956) and 
Gold Medalist of the American College of Radiology (1960). 

The great American heritage and the uniquely cultural backgrounc of Dr. 
Reynolds laid the foundation, unconscious to himself in his consecration to 
ideals, for an inspired bibliophile, authoritative librarian and eminent scholar. 

His biblicphilistic inclinations were already manifested during his assign- 
ment to the European Theater of War, when in his spare moments—<s few as 
they were—he would prowl in sheltered book-shops along the Seine or visit 
fascirating galleries in more secure abodes to find some "antique books" of 
medical interest. These heuristic pursuits, which were assiduously followed 
throughout his lifetime resulted in one of the world's finest private collections 
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of medical texts, old original manuscripts and rare holographs. It was un- 

doubtedly the greatest moment of his life when on February 2, 1958, in Bir- 

mingham, Alabama, at the dedication of The Lawrence Reynolds Library, 

which appropriately was named in his honor, he could say: “A diploma from 

the University of Alabama graced my wall for many years and everytime I 

looked at it, I felt greatly indebted; so I am returning it to you with this hand- 

ful of books." This “handful of books" was a half-million dollar collection of 
early editions of works of some of the greatest medical and scientific pioneers 

of the fifteenth through the nineteenth centuries. At these impressive dedi- 

catory ceremonies, Mr. Hill Ferguson, Chairman of the Board of Trustees, 
University of Alabama, presented Dr. Reynolds with a bookplate bearing the 

family coat of arms, which is to appear on all the books of this library. 

Dr. Reynolds’ inborn reverence for books made him particularly qualified 
to serve on library commissions with authoritative knowledge. He was an 
enthusiastic on trustee or adviser of several of the famous medical 
libraries in various parts of the country and he was extremely proud of the 
fact that he was the “Library Commissioner with the longest tenure of service 
to the City of Detroit.” On January 22, 1957, he was awarded by the late 
Mayor Albert E. Cobo the Citation be Meritorious Service. 

In his devotion to scholarly work as writer, reviewer and editor, Dr. 
Reynolds exerted unbelievable steadfastness, always inspired by advancing 
progress through unceasing search for truth. He contributed to the medical 
literature numerous articles on important original investigations, countless 
reviews with unusually keen analytic appraisal and for over three decades he 
was the illustrious Editor and leading spirit of the AMERICAN JOURNAL OF 
RoENTGENOLOGY, Rapium THERAPY AND Nuciear Mepicrne. In 1956, 0n the 
occasion of the Fiftieth Anniversary of this Journa he, with characteristic 
self-effacement, admirably described why it had become one of the leading 
radiologic periodicals of the world. “The founder and first Editor of the 
Journal, Doctor Hickey," wrote Dr. Reynolds, “blazed the trail of a ugh 
standard of scientific endeavor from which the Journal has not deviated. The 
Societies, the Editorial Staff, the Publisher, Mr. Charles C Thomas, and the 
Printer, the Banta Publishing Company, have combined their efforts in pro- 
ducing a scientific Journal of distinctive quality. The American Roentgen 
Ray Society and the American Radium Society can take justifiable pride in 
the splendid position which their official Journal occupies today.” 

Dr. Reynolds, possessed by an extremely friendly nature, approached his 
task graciously and accomplished it with ingenuity, vision and charm. As a 
famous bibliophile, authoritative librarian, eminent scholar, and foremost of 
all as a great radiologist, he always remained an E 2s genial man His 
amazing achievements—to quote from the P .L.D. citation -of 
Wayne State University—“have helped to shape the whole course of modern 
radiological medicine.’ TRAIAN LEUCUTIA 
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Dirriokon toxicity, experimental studies of, 1138 
DonaALpsoN, SAMUEL W., 1891-1961 (E), 372 
Dose RATE, fluoroscopic, simple method of reducing, 
594 
DvopzENAL hematoma induced by coumarin, 70 
polyp, malignant, intussusception of, 903 
stasis (ab), 212 
DuopENuM, modifications in motor activity of small 
intestine due to disturbances of flow of bile 
into (ab), 212 
DvsPrAsia, spondylo-epiphyseal (pseudo-achondro- 
plastic type), 462 


Ecropia conDis, congenital bifid sternum with, 513 
Epema of interureteric ridge—useful roentgen sign, 
1123 
EDITORIALS 
Sixty-second Annual Meeting of the American 
Roentgen Ray Society, 187 
Franklin B. Bogart, 1894-1961, 190 
David M. Gould, 1914-1961, 192 
Instruction Courses of the Sixty-second Annual 
Meeting of the American Roentgen Ray 
Society, 367 
Forty-third Annual Meeting of the American 
Radium Society, 369 
Samuel W. Donaldson, 1891-1961, 372 
Thymus Gland in Children and the Roentgenol- 
ogist, 598 
Dosage Limitation in Combined Treatment by 
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Irradiation and Surgery of Carcinoma of 
Uterine Cervix, 775 
Registry of Radiologic Pathology, 778 
Sixty-second Annual Meeting of the American 
Roentgen Ray Society, 991 
G. G. Palmieri, 1892-1961, 994 
Lawrence Reynolds, 1899-1961 
Lawrence Reynolds and the American Roentgen 
Ray Society, 1165 
Resolutions of the Detroit Roentgen Ray and 
Radium Society, 1166 
Lawrence Reynolds and Harper Hospital, 1167 
Lawrence Reynolds and Wayne State Univer- 
sity, 1168 
Lawrence Reynolds as a Teacher, 1170 
The Lawrence Reynolds Library, 1172 
Lawrence Reynolds and the Detroit Public 
Library, 1175 
The Heritage of Lawrence Reynolds, 1177 
Lawrence Reynolds—An Homage, 1181 
ENDOCARDIAL CUSHION DEFECTS (ab), 1015 
Enteritis, regional, ureteral obstruction from, 114 
E»ipERMOID cysts of spleen in children, 534 
EPIPHYSEAL PLATE, bilateral incurving of terminal 
phalanges of fifth fingers; isolated lesion of, 
490 
EsoPnHAGEAL stricture following ingestion of clinitest 
tablets, 579 
varices, bleeding, and reflux esophagitis (ab), 
212 
varices, bleeding, in presence of normal spleno- 
portogram; case report, 1103 
Esopuaitis, primary and secondary reflux, surgical 
treatment of (ab), 612 
reflux, and bleeding esophageal varices (ab), 212 
Esopuaaus, aberrant insertion of pulmonary vein 
into left atrium simulating intrinsic lesion 
of, 888 
and stomach, primary rhabdomyosarcoma of, 
896 
in association with esophageal atresia and trach- 
eoesophageal fistula, motor activity of, 884 
Errorocv, leukemia in childhood and young adult 
life; trends in mortality in relation to (ab), 
1024 
of childhood malignancies; congenitally deter- 
mined leukemias (ab), 802 
EvALUATION OF FILM SIZE in cineradiography (ab), 


1021 

EwiNG's sarcoma; critical analysis of 165 cases (ab), 
1018 

Examination, small bowel, notes on, 76 

ÉXTERNAL  SCINTILLATION DETECTOR  TECHNIC, 


method and parameters for analysis of 
renal function by (ab), 1017 
ÉxTRAPULMONARY MANIFESTATIONS, collagen dis- 
eases: demonstration of nonspecificity of 
their, 938 
ExTRARENAL CALYCES: their relationship to renal 
disease, 823 
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Eye, radiation exposure and protection of human 
lens in therapy about (ab), 799 


FEMORsL NECK, postirradiation fractures of; empha- 
sis on results of treatment (ab), 220 
Ferra circulation occurring at birth, cineroentgen- 
ographically demonstrated changes in; 
serendipic commentary, 407 
hyérops, roentgenologic diagnosis of, 415 
weght determination, new method of, 425 
Finromescutar hyperplasia of renal arteries, roent- 
gen diagnosis of (ab), 1017 
FisRovs pvspLAsIA, its similarity with, atypical 
osteomyelitis following inadequate anti- 
biotic therapy (ab), 399 
FirM revprnos, plain: hydranencephaly, 453 
Fiem-scREEN combinations to variation in roentgen- 
ray kvp., response of, 1160 
FLUOROMETERS, two, designed to measure radiation- 
induced fluorescence of silver-activated glass 
rods, comparison of (ab), 403 
Fivoroscoric dose rate, simple method of reducing, 
594 
logEGUr, anomalous position of, 582 
Vomrv-sHIRD ANNUAL MEETING OF AMERICAN Ra- 
pD1UM Society (E), 369 
Fossa, sosterior, in child, meningioma of, 456 
posterior, new data on median sagittal pneumo- 
stratigraphy of (ab), 608 
Franks B. Bocart, 1894-1961 (E), 190 





GALLBLADDER (study of 20 cases), detection and in- 
cidence of benign tumors of (ab), 614 

GAMMACRAM and cyrocram in study of thyroid car- 
cinoma (ab), 403 

GAMMA-SCINTIGRAPHIC DELINEATION of tissues with 
relativelv low uptake, new arrangement for 
(ab), 801 

GARGOYLISM: review of roentgen skull changes with 
description of new finding, 473 

Gas in portal venous system, 920 

GASSERIAN GANGLION, roentgenclogic features of 
neurofibromas involving, 148 

GASTROBUODENAL INTUSSUSCEPTION, 900 

GASTROENTEROLOGY, radioisotopes as diagnostic aids 
in; evaluation (ab), 404 

GicaNTESM, pituitary, in child five years of age: 
effect of x-radiation, estrogen therapy and 
self-imposed starvation diet during eleven- 
year period (ab), 609 

TOMA multiforme, angiographic 
vascularity and survival in, 640 

GLIOMAS, pontine, roentgen therapy of, 644 

Givcose, fasting blood, to oral roentgenographic 
findings, relationship of, 310 

Goe tp, Oavip M., 1914-1961 (E), 192 

Gout, rcentgenological findings in (ab), 400 

GranuLomarosis, Wegener’s, with discrete lung 
lesions and peripheral neuritis (ab), 209 

GysECOsRAPHY; technique and interpretation, 866 


GLIOBLA hyper- 
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Hamarrotipoma of kidney: clinical and roentgen 
features, 830 
Hamarroma, pulmonary, 842 
HANDLING DEVICE, improved patient, 1162 
Hearr disease, clinical arteriosclerotic, and autopsy 
findings, cinefluorography of coronary 
artery calcification; correlation with, 1063 
disease in adult, congenital, pulmonary veins in 
(ab), 1014 
normal canine, effects of cardiac irradiation 
upon, 740 
HEMANGIOENDOTHELIOMa of infancy, hypertrophic; 
successful management of case with path- 
ologic and roentgen therapy criteria, £87 
Hemancroma of bone, roentgen diagnosis of, 1146 
Hemartoma, duodenal, induced by coumarin, 70 
Hepatic BLoop FLOW variations during surgical 
anesthesia in man measured by radioactive 
colloid (ab), 406 
Herniacton of left atrial appendage, congenital 
partial defect of pericardium associated 
with, $17 
HERPES zoster following roentgen irradiation (ab), 
221 
Hir time in childhood, roentgenologic aspects of, 484 
Human cigctg or Wikus, normal roentgenographic 
anatomy of, 1040 
HYDRANENCEPHALY: plain film findings, 453 
HvPERPARATHYROIDISM, primary: correlation of 
roentgen, clinical, and pathologic features, 
329 
ENSION, arteriosclerotic narrowing of renal 
arteries associated with, 807 
cause of; bilateral renal artery aneurysm (ab), 
216 
portal, mediastinum in (ab), 793 
secondary to aneurysm of renal artery: report of 
case of long duration cured by nephrectomy 
(ab), 616 
HYPERTROPHIC HEMANGIOENDOTHELIOMA of in- 
fancy; successful management of case with 
pathologic and roentgen therapy criteria, 
587 
HyrerTt:oPHy, idiopathic myocardial, 1073 


Hypert 








I?! fat-absorption test, rapid screening method for 
(ab), 800 
-labelled fat, studies with. IV. Absorption, dis- 
tribution and excretion of radioactivity 
after ingestion of radioactive triolein (ab), 
404 
-labelled fat, studies with. V. Distribution of 
adioactivity after intravenous injection 
of radioactive triolein (ab), 404 
ILEUM, two rare tumors of (ab), 613 
Toisc Horns: pathognomonic roentgen sign of famil- 
ial onycho-osteodysplasia, 478 
Ixcurvise of terminal phalanges of fifth fingers, 
bilateral; isolated lesion of epiphyseal plate, 
490 
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INFARCTION, renal, radiographic features of; review 
of 13 cases (ab), 215 
Injury, closed renal (ab), 216 
IwrERCALATIVE angiography; cardiovascular spot- 
filming (ab), 1021 
INTERNAL MALLEOLUS, separate centers of ossifica- 
tion of tip of, 496 
INTERURETERIC RIDGE, edema of—useful roentgen 
sign, 1123 
INTERVERTEBRAL DISCS after injection of S*-sul- 
phate, uptake of S% in (ab), 619 
IwrEsTINAL bleeding, experimental method for 
localizing source of (ab), 612 
obstruction, complete, by Meckel’s diverticulum 
(ab), 612 
IwrEsTINE, small, roentgen findings in lymphosar- 
coma of, 682 
INTESTINES, pneumatosis of, 911 
INTRACEREBRAL CALCIFICATION and “pseudotumor 
cerebri," contribution to problem of (ab), 
610 
IwrRACRANIAL calcification in infants; is it possible 
roentgenographically to distinguish be- 
tween toxoplasmosis and cytomegalic inclu- 
sion disease?, 458 
tumor pathology, some pitfalls in angiographic 
diagnosis of (ab), 1010 
INTRALUMINAL CALCIFICATION of inferior vena cava, 
556 
INTRAMURAL CYSTIC DUCT REMNANT, 930 
INTRAVASCULAR INJECTION of contrast media, tran- 
sient proteinuria; following (ab), 1018 
Inrravenous abdominal aortography in diagnosis 
and differential diagnosis of aneurysms of 
splenic, hepatic and renal arteries, 1108 
cholangiography, results of laminagraphic ex- 
amination in study of bile ducts during 
(ab), 795 
urography in prostatic hypertrophy (ab), 217 
IwTussuscEPTION as postoperative complication in 
pediatric surgery (ab), 795 
of malignant duodenal polyp, 903 
gastroduodenal, goo 
In vitro TEST of thyroid function—red blood cell 
uptake of L-triiodothyronine labelled with 
radioactive iodine, experience with (ab), 
800 
IopiNE LEVEL, serum protein-bound, in various thy- 
roid states (TSH-PBI test), effect of thyro- 
tropin on (ab), 1022 
IopiPAMIDE, radioactive, evaluation of liver function 
with, 768 
IRRADIATION and surgery of carcinoma of uterine 
cervix, dosage limitation in combined treat- 
ment by (E), 775 
of heart as possible preventative of infarction; 
arteriographic studies of coronary circula- 
tion in dogs with experimental infarct 
which was preceded by radiation therapy 
(ab), 405 
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pituitary, for acromegaly (ab), 401 

previous, and cancer of thyroid (ab), 1024 

total, followed by transfusion of allogenic hema- 
topoietic cells, treatment of AkR mice at 
age of six months by. Respective incidence 
of leukemia and secondary syndrome (ab), 
1026 

IsOINTENSITY PATTERNS of scattered radiation 

around mirror optic photofluorographic 
unit, 983 


Jomnrs, Charcot's early changes in, 965 


Kipney carcinoma as result of thorotrast injury (ab), 
222 
hamartolipoma of: clinical and roentgen feature, 
830 
medullary sponge, 119 
nonvisualizing: pathologic study of 83 neph- 
rectomy specimens (ab), 215 
syndrome, movable. Successful nephropexy: 
historical survey and current assessment 
(ab), 214 
Kipneys in disease of main renal artery, asymmetry 
of (ab), 1016 
Kwes, arthrography of; critical study of errors and 
their sources, 359 


LAMINAGRAPHIC EXAMINATION in study of bile ducts 
during intravenous cholangiography, re- 
sults of (ab), 795 

Laminacrapay of temporal bone, 281 

LARYNGEAL PATHOLOGY on conventional roentgeno- 
gram of chest: diagnostic and prognostic 
significance, 661 

LARYNGOCELE, ventricular (report of 4 cases) (ab), 
610 

Larynx and pharynx, contrast examination of: ac- 
curacy and value in diagnosis, 651 

LATERAL PROJECTION, erect, of pelvis: assessment of 
its value as initial procedure in pelvimetry 


(ab), 797 

Lawrence Reyno_ps—announcement of death (E), 
774 

Leec-Ca.Lv&-PERTHES DISEASE—factors in healing 
(ab), 1019 


-pathogenesis and evolution; failure of treat- 
ment with L-triiodothyronine (ab), 1019 
(LERICHE’s SYNDROME), aortic occlusion, in mitral 
stenosis; report of six cases (ab), 210 
Lesions or COLON, some, in infancy and childhood 
(ab), 795 
LEUKEMIA, acute myeloid, in adolescents (ab), 1023 
and secondary syndrome, treatment of AkR 
mice at age of six months by total irradia- 
tion followed by transfusion of allogenic 
hematopoietic cells, Respective! incidence 
of (ab), 1026! 
in childhood and young adult life; trends in 
mortality in relation to etiology (ab), 1024 
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Leukemias, congenitally determined; etiology of 
childhood malignancies; (ab), 802 
LrvocaipioGRAPHY, selective, ventricular septal 

defect in (ab), 792 
LicNiBEzgOAR; report of case, 892 
Liroma of corpus callosum, 142 
Lirosarcoma, primary, of bone: report of case and 
review cf literature (ab), 398 
Liver disease by radioisotope scanning, diagnosis of 
(ab), 800 
function with radioactive iodipamide, evalua- 
tion of, 768 
metastasis, calcified, from carcinoma of colon 
(ab), 614 
pereutaneous splenoportography and intra- 
splenic adrenalin test in cirrhosis of (ab), 
797 
LympHasGrecrasis, congenital pulmonary; report 
of case with roentgen findings, 576 
LympHascrocrams: their diagnostic and therapeutic 
potential (ab), 798 
LvwrHosRAPHY as diagnostic method, use of (ab), 
400 
LvMPHO ARCOMA and reticulum cell sarcoma in in- 
fancy and childhood, roentgen diagnosis of, 
693 
of small intestine, roentgen findings in, 682 


Mate, adult, urethrography in, 136 

Maugan .Ncv, vena cavagraphy in management of, 
718 

Main «Nn? neoplastic disease with radioactive col 
loidal gold (Au!*9), results of treatment of; 
analysis of 60 cases (ab), 1023 

MANDIBLE, cysts and tumors of; their differential 
diagnosis, 292 

MECKEL $S DIVERTICULUM, complete intestinal ob- 
struction by (ab), 612 

Mepias"inum in portal hypertension (ab), 793 

primary seminoma of: report of case with un- 

usual site of metastasis and review of litera- 
ture, 66c 

MEDULLARY SPONGE KIDNEY, 119 

MErLoRHeOsTosIsS; report of case (ab), 619 

MENING: OMA of posterior fossa in child, 456 

MewninG:omas of olfactory grooves (ab), 789 

MESENTERIC ARTERIOGRAPHY, 103 

Merasrases to skin, nodular, case report with ob- 
servations in radiosensitivity of; carcinoid 
of rectum, 97 

MicROR.DIOGRAPHIC RESEARCH, experimental, on 
vascularity of myocardium of normal heart 
and following radiation therapy (ab), 406 

MrrRAL STENOSIS, aortic occlusion (Leriche's syn- 
drome) in; report of six cases (ab), 210 

MoxcorsM, study of abnormalities of skull, teeth 
and lenses in (ab), 608 

Mucormycosts of colon, 86 

MvgLorr LEUKEMIA in adolescents, acute (ab), 1023 

MvrzLovarosts (ab), 618 
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and radiotherapist (ab), 218 
pathology of (ab), 219 
radiological aspects of (ab), 218 
MYOCARDIAL HYPERTROPHY, idiopataic, 1073 
Myocarptum of right ventricle (Uhl's anomaly), 
congenital aplasia or marked hypoplasia of; 
clinical, angiocardiographic, and hemody- 
namic findings (ab), 790 
Myxoma of bone in childhood (ab), 398 


Necrosis, renal papillary (ab), 616 

Neopiasms, thyroid, unusual aspects of (ab), 402 

NEPHRECTOMY, hypertension secondery to aneurysm 
of renal artery: report of case of long dur- 
ation cured by (ab), 616 

specimens, pathologic study of 33: nonvisualiz- 

ing kidney (ab), 215 

Nepuriris, radiation, in adults and children; effects 
of radiation on growing bones (ab), 799 

NEPHROPEXY, successful: historical survey and cur- 
rent assessment. Movable kidney syndrome 
(ab), 214 

NEnvovs SysTEM, central, morpholcgy, theory and 
problems of late radiation camage to (ab), 


222 


NEUROFIBROMAS involving gasserian ganglion, roent- 
genologic features of, 148 

NEUROFIBROMATOSIS, skeletal lesions in (ab), 398 

NEUTRONS, stray, from 35 mev. betztron, measure- 
ment of (ab), 799 


OCCIPITAL VERTEBRA, 260 


OcciPITO-ATLANTO-AXIAL Joints m rheumatoid 
arthritis and ankylosing s»ondylitis, 223 


OLFACTORY GROOVES, meningiomas cf (ab), 789 

OraciricATION of bronchial arteries in living; (new 
method of experimental demonstration) 
(ab), 1014 

Orar cholecystography and cholangiography with 
new contrast medium (ab), 213 

roentgenographic findings, relat:onship of fast- 

ing blood glucose to, 310 

and structures to roentgem rays, experi- 

mental opacification of, 986 

Os carcis, bilateral benign bone cys~ of, 318 

OsstFicaTion of tip of internal mal'eolus, separate 
centers of, 496 

Osreotysis of acromial end of clavieles in rheuma- 
toid arthritis, 251 

OSTEOMYELITIS, atypical, following ir. adequate anti- 
biotic therapy: its similarity with fibrous 
dysplasia (ab), 399 

chronic pyogenic, following inacequate admin- 

istration of penicillin, observations on 
changes of pattern in: their similarity with 
other hone diseases (ab), 299 


ORGANS 





PaGer’s Disease, some roentgen features of, 950 
Parmer, G. G., 1892-1961 (E), 994 
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PALMO-PLANTAR KERATOSIS, 
appearance of, 944 
Pancreas, radiology in tumors of (ab), 796 
PANCREATIC carcinoma and its early roentgenologic 
recognition, I 
cysts in modern surgery (ab), 615 
PAPILLARY NECROSIS, renal (ab), 616 
PARAPLEGIA, cysto-urethrography in: its practical 
application (ab), 1017 
PARKINSONISM, percutaneous injection of thalamus 
in; preliminary report: relief of bilateral 
facial grimaces (ab), 208 
PATHOLOGY OF MYELOMATOSIS (ab), 219 
PATIENT HANDLING DEVICE, improved, 1162 
PEDIATRIC SURGERY, intussusception as postopera- 
tive complication in (ab), 795 
PriviwETRY, erect lateral projection of pelvis: as- 
sessment of its value as initial procedure in 
(ab), 797 
Pe tvs, erect lateral projection of: assessment of its 
value as initial procedure in pelvimetry 
(ab), 797 
renal, and calyces, non-pathological filling 
defects of (ab), 215 
PENICILLIN, observations on changes of pattern in 
chronic pyogenic osteomyelitis following 
inadequate administration of: their similar- 
ity with other bone diseases (ab), 399 
PERCUTANEOUS injection of thalamus in Parkinson- 
ism; preliminary report: relief of bilateral 
facial grimaces (ab), 208 
Pericarpium associated with herniation of left 
atrial appendage, congenital partial defect 
of, 517 
PERIPHERAL PULMONARY STENOSIS (ab), 791 
Puarynx and larynx, contrast examination of: ac- 
curacy and value in diagnosis, 651 
PHEOCHROMOCYTOMA causing ureteric obstruction in 
child (ab), 617 
with large cystic calcification and associated 
sphenoid ridge malformation (ab), 218 
PHOTOFLUOROGRAPHIC unit, isointensity patterns of 
scattered radiation around mirror optic, 983 
PrrurrARY gigantism in child five years of age: effect 
of x-radiation, estrogen therapy and self- 
imposed starvation diet during eleven-year 
period (ab), 609 
irradiation for acromegaly (ab), 401 
localizer, simple, for radiation therapy, 649 
PNEUMATOSIS of intestines, 911 
Pnevmoconiosis and respiratory symptoms in 
miners at eight collieries (ab), 1012 
benign, due to tin dioxide, stannosis; (ab), 1013 
Prevumontia, staphylococcal, in adults; review of 102 
cases, 1083 
PNEUMOSTRATIGRAPHY, median sagittal, of posterior 
fossa, new data on (ab), 608 
PwzuMoTHORAX, noisy; observations based on 24 
cases (ab), 1013 
spontaneous, as complication of pulmonary 


mutilating, roentgen 
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metastases in malignant tumors of child- 
hood, 1092 
PoNTINE GLIOMAS, roentgen therapy of, 644 
PORTAL SYSTEM, total anomalous pulmonary venous 
drainage into (ab), 1015 
PORTAL VENOUS SYSTEM, gas in, 920 
total anomalous pulmonary venous connection 
to: cause of pulmonary venous | obstruction, 
561 
PosTIRRADIATION FRACTURES of er neck; em- 
phasis on results of treatment (ab}, 220 
POSTMORTEM FINDINGS in cancer of cervix; analysis 
of 108 autopsies in past § years (abè, 401 
PREPYLORIC ULCER, simple benign; possibility of 
unequivocal roentgen diagnosis, 50 
PRESIDENT’S ADDRESS: Integrated Radiology, 803 
PRIMARY SEMINOMA of mediastinum: report of case 
with unusual site of metastasis and review 
of literature, 669 
PROPHYLAXIS OF BILIGRAFIN REACTIONS (ab), 615 
PROSTATIC HYPERTROPHY, intravenous urography in 
(ab), 217 
Psrupocystrs, bilateral hemorrhagic, of adrenal 
glands in newborn, 540 
PsEUDO-PSEUDOHYPOPARATHYROIDISM: report of 
three cases in one family (ab), 1021 
"PsEUDOTUMOR CEREBRI” and intracerebral calcifi- 
cation, contribution to problem of (ab), 610 
PULMONARY apex, roentgen image of sutclavian 
artery in, 1058 
arterial pressure in mitral stenosis, roentgen 
evaluation of (ab), 791 
circulation by angiopneumography, attempt to 
measure (ab), 209 
hamartoma, 842 
lymphangiectasis, congenital; 
with roentgen findings, 576 
stenosis, peripheral (ab), 791 
vein into left atrium simultaing intrinsic lesion 
of esophagus, aberrant insertion of, 888 
veins in congenital heart disease in adult (ab), 
1014 
venous connection, total anomalous, to portal 
venous system: cause of pulmonary venous 
obstruction, 561 
venous drainage i into portal system, total anom- 
alous (ab), 1o15 
ventilation studies in broncho-pulmonary con- 
genital anomalies; study of 5 cases (ab), 
1013 
Purse and blood pressure, influence of radium 
emanation upon (ab), 612 


report of case 


RapiaTIon damage, late, to central nervous system, 
morphology, theory and problems of (ab), 
222 
damage to ribs and clavicles in patients with car- 
cinoma of breast (ab), 799 
exposure and protection of human lens in ther- 
apy about eye (ab), 799 
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-induced fluorescence of silver-activated glass 
rods, comparison of two fluorometers de- 
signed to measure (ab), 403 
induced nausea and emesis, use of trimetho- 
benzamide (Tigan) for treatment of, 752 
nephritis in adults and children; effects of radia- 
tion on growing bones (ab), 799 
scattered, around mirror optic photofluoro- 
graphic unit, isointensity patterns of, 983 
therapy, experimental microradiographic re- 
search on vascularity of myocardium of 
normal heart and following (ab), 406 
therapy for carcinoma of cervix, "sensitization 
response" in prognosis of (ab), 798 
therapy, irradiation of heart as possible pre- 
ventative of infarction; arteriographic 
studies of coronary circulation in dogs with 
experimental infarct which was preceded 
by (ab), 40$ 
therapy of cancer: current results with mega- 
voltage and orthovoltage, 621 
therapy, simple pituitary localizer for, 649 
Rapioaerive colloid, hepatic blood flow variations 
during surgical anesthesia in man measured 
by (ab), 406 
collwidal gold (Au), results of treatment of 
malignant neoplastic disease with; analysis 
of 60 cases (ab), 1023 
iodipamide, evaluation of liver function with, 
768 
sulphur in chondrosarcomata; distribution, 
concentration, and effects of S9 after intra- 
venous administration to patients with 
chondrosarcoma (ab), 220 
vitamin Bız effect of food on absorption of (ab), 
1022 
Raptocoip seeding of hypophysis in metastasizing 
neoplasms with special consideration of 
mammary carcinoma, experiences with 
(ab), 801 
RaprocmaPHic demonstration of “hypoglossal ar- 
tery”; rare type of persistent anomalous 
carotid-basilar anastomosis (ab), 1012 
features of renal infarction; review of 13 cases 
(ab), 215 
Raprocrapus of dorsal vertebrae in evaluating etiol- 
ogy of lumbosacral derangements, values 
of, low back disorders; (ab), 400 
RaproropbrNE and prevention of its undesired uptake 
fab), 222 
damage to chromosomes by therapeutic doses of 
(ab), 1026 
Raptoiscrope renogram, clinical experience with 
new test agent for: sodium orthoiodohip- 
purate-I?!* (hippuran-I?!) (ab), 403 
renogram test, advances in (ab), 617 
scanaing, diagnosis of liver disease by (ab), 800 
RaprorscroPES as diagnostic aids in gastroenterol- 
ogy; evaluation (ab), 404 
RapioLosic and clinical investigation on content of 
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thorium and its disintegration products in 
body; problem of thorotrast injury; first 
communication (ab), 221 
and clinical study of case of anomalous origin 
(from external carotid artery) of left ver- 
tebral artery (ab), 208 
considerations of perinatal distress 
(ab), 615 
diagnosis of intracranial aneurysms and vascu- 
lar malformations (ab), 790 
features of bone changes in tuberous sclerosis 
with case report (ab), 1020 
Raprorocicar aspects of myelomatosis (ab), 218 
study of thoracic pathologic manifestations, 
utility of Valsalva and Müller maneuvers in 
(ab), 1013 
RapioLocv, integrated; President's «ddress, 803 
in tumors of pancreas (ab), 796 
RaADIORENOGRAM curve, analysis of, S19 
with radio-renografin-I?!, as dmgnostic aid in 
urologic problems (ab), 403 
RapiorHERAPIST and myelomatosis ab), 218 
Raprum emanation upon pulse and blood pressure, 
influence of (ab), 612 
Recrum, carcinoid of; case report wath observations 
on radiosensitivity of nodular metastases 
to skin, 97 
concerning new case of isolated schwannoma of 
(ab), 213 
Reriux, vesicoureteral, in children, 545 
REGIONAL ENTERITIS, ureteral obstruction from, 114 
REITER’S SYNDROME, roentgen changes in, 344 
RELATION between thickness of layer and clearness 
of images in multidirectional stratigraphy 
(ab), 1020 
RENAL artery aneurysm, bilateral: cause of hyper- 
tension (ab), 216 
arteries, roentgen diagnosis of fibromuscular 
hyperplasia of (ab), 1017 
artery stenosis (ab), 1016 
disease, extrarenal calyces: their relationship to, 
825 
function by external scintillatior detector tech- 
nic, method and parameters for analysis of 
(ab), 1017 
infarction, radiographic features of; review of 13 
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15 years’ experience gained by High Voltage Engineering in 
designing and installing more than thirty super-voltage x-ray 
generators in the field, is resulting in the development of im- 


portant new machines tailored to meet the varying needs of the 
radiotherapist and research physicist. 


* 6-MEV Medical Linac Model 


Lm-6 


An Important Advance 
in Radiation Therapy 


* 300 r/min x-ray output at 100 cm * Push- 
button energy selection — 2 to 6 Mey. + 
Automatic dose control * Focal spot less 
than 3 mm diameter * Electron output for 
sterilization and research * Retractable x- 
ray target for electron beam sterilization 
and research programs 


For Elizabeth Steele Magee Hospital, Pittsburgh .. 


For University Hospital, 
New York University Medical Center . , . 


For Shannen West-Texas Memorial Hospital, San Angelo... 


wz 


XA new concept in Megavolt 


Therapy and Medical 
Research 


4 to 45 Mev Linac from ARCO 
240? Rotation 


Offering clinical precision for routine therapy, 
with powerful electron and X-ray outputs for: 


* Biophysical Research * X-ray and Electron 
Therapy Research * Massive Dose Studies 
* Whole Body Irradiations * Sterilization of 
Instruments * Bone and Tissue Sterilization 
Techniques 
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